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The work presented in this thesis explores the Tree-of-Life of Sepsidae 
(Diptera: Cyclorrhapha). The Sepsidae is a group of schizophoran flies, which are 
becoming increasingly important model organisms for sexual selection research 
owning to their interesting biology, spectacular sexual dimorphism, and their ability 
to breed under laboratory conditions. However, one of the obstacles is the lack of a 
robust phylogenetic hypothesis which is essential for comparative studies of Sepsidae. 
Previous attempts at reconstructing phylogenetic relationships revealed two major, 
interrelated problems: (1) topological conflict when different methods of analysis 
were applied to the same data, and (2) weakly-supported higher-level relationships 
(“backbone nodes”). In Chapter 1, I explained the problem and I discussed potential 
solutions that are then pursued in my thesis; i.e., improved taxon and character 
sampling.  
First, I reconstructed the phylogenetic hypothesis for Sepsidae based on five 
nuclear and five mitochondrial markers by increasing taxon sampling over previous 
studies by 30% to 105 sepsid terminals (Chapter 2). Maximum parsimony (MP), 
maximum likelihood (ML), and Bayesian inference (BI) analyses yielded overall 
well-resolved trees with several genera and many additional species successfully 
placed onto the phylogenetic tree of Sepsidae. However, the topological conflict and 
low support at backbone areas remained. My results provide an example for a study 
where increasing a taxon sample does not help much with resolving a “backbone” 
issue in phylogenetics. Therefore, I subsequently addressed this problem through 
character sampling; i.e., the use of additional genetic markers. This is the subject of 
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the following two chapters. This chapter was published in Molecular Phylogenetics 
and Evolution. 
In Chapter 3, I generated a denser gene sample through Next-Generation 
Sequencing (NGS) of partial/complete mitochondrial genomes for 28 sepsid species. I 
developed a new technique for obtaining mitochondrial genomes and explored the 
effect of mitogenomic data on the phylogeny of Sepsidae. Analyses using only the 
mitochondrial genomes and a combination of mitogenomic and nuclear data generated 
through Sanger sequencing revealed that the mitogenomic data are unable to resolve 
the backbone problems in Sepsidae.  
In the following chapter (Chapter 4), I generated transcriptomes for 18 sepsid 
species comprising 120 Gb of data. I used a variety of bioinformatic techniques to 
generate a dataset composed of 1,017 transcriptomic, putatively single-copy, 
orthologous genes that yield a concatenated character matrix with ca. ~1.3 million 
characters for 18 sepsid species and three outgroups. I analyzed several versions of 
the matrix and combined the matrix with Sanger sequencing data using MP and ML. 
Overall, I observed more congruence and high supports, and the analyses of the 
combined dataset yielded species-rich trees with reduced topological conflicts and 
significantly increased clade supports.  
In Chapter 5, I used molecular data to validate the taxonomic status of the 
European Sepsis nigripes and to assess the genetic variability between two 
populations of Sepsis luteipes from Europe and North America. This chapter is 
accepted for publication in Invertebrate Systematics. 
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Chapter 6 summarizes the results and concludes that well-supported, species-
rich trees for Sepsidae can be obtained once multiple datasets are explored with 
different analytical methods.   
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Phylogenetic analysis has been a key tool in evolutionary biology since it was first 
proposed by Hennig more than half a century ago (Wiley and Lieberman, 2011). The 
use of phylogenetic analysis in the studies of comparing biological variation across 
samples has attracted increasing attention from biologists (Garland et al., 1992; Huber 
et al., 2007; Trautwein et al., 2012). Any interpretation of the patterns of biological 
variation among taxa ultimately has to rely on a stable, well-resolved and supported 
phylogenetic hypothesis which reflects their historical relationships. However, a 
common problem in published phylogenetic studies is that a large number of nodes 
are poorly supported. These nodes tend to affect higher-level relationships while 
many relationships at the tips of phylogenetic tree tend to be well supported based on 
data obtained with Sanger sequencing. Arguably, one of the main challenges in 
modern phylogenetics is to resolve the “backbone” of many trees with confidence. 
This is particularly evident in insects (Grimaldi and Engel, 2005; Whitfield and Kjer, 
2008; Michell et al., 2012). This “backbone” problem appears broadly in the 
phylogenetic analyses of several key orders of insects, including beetles (Coleoptera) 
(Hughes et al., 2005; Sheffield et al., 2009; Song et al., 2010), flies (Diptera) 
(Cameron et al., 2007; Longhorn et al., 2007; Jiménez-Guri et al., 2013), moths and 
butterflies (Lepidoptera) (Kristensen et al., 1998; Regier et al., 2009; Cho et al., 2011; 
Regier et al., 2013), wasps, bees and ants (Hymenoptera) (Danforth et al., 2013; 
Hedtke et al., 2013). 
The “backbone” is a fundamentally important part of all phylogenetic trees and it 
is thus not surprising that various strategies have been proposed to address support 
and resolution problems. Popular strategies include additional taxon or character 
sampling. They have been shown to have positive and significant effects on the 
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accuracy of phylogenetic estimates (Crawley and Hilu, 2012; Nabhan and Sarkar, 
2012; Rokas and Carroll, 2005). This is one reason why many recent analyses have 
been based on large datasets comprising many taxa. This development was also 
facilitated by the development of new algorithms, large computer clusters dedicated to 
phylogenetics, and an interest in reconstructing the Tree-of-Life for all described 
species.  
In particular, dense taxon samples have been pursued aggressively because they 
had been shown to improve phylogenetic estimation by breaking up long branches 
(Pollock et al., 2002; Rosenberg and Kumar, 2003; Zwickl and Hillis, 2002). For 
example, several studies have revealed that with the addition of more taxa (even with 
incomplete character data) phylogenetic accuracy can be improved (Wiens and Tiu, 
2012; Chen et al., 2013; Corl and Ellegren, 2013). However, improving taxon 
sampling does not always resolve the backbone problems. For example, taxon 
sampling does not help if internodes are short, or if extinctions have yielded extant 
taxa that share a common ancestor that is considerably younger than the ancient 
internodes of the lineage as a whole (Whitfield and Kjer, 2008; Zhao et al, 2013).  
This is why many systematists have been adding characters, e.g., morphological, 
behavioral, and molecular characters (Ross et al., 1998; Townsend and Lopez-
Giraldez, 2010). Among these different types of characters, molecular characters are 
now most widely used. This is partly owing to the ready availability via Sanger 
sequencing, but also motivated by theoretical considerations such as the expected 
phylogenetic signal in gene sequence (Rokas et al., 2003; Dunn et al., 2008; 
Lukhtanov and Kuznetsova, 2010; Regier et al., 2010; Cameron, 2014). There are 
many insect studies that helped establish molecular phylogenetics based on Sanger 
sequencing. Commonly used data sources were nuclear and mitochondrial ribosomal 
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DNA (rDNA), mitochondrial DNA (mtDNA), histone H3, elongation factor-1α (EF-
1α) (Savard et al., 2006; Whitfield and Kjer, 2008; Misof et al., 2014). Phylogenetic 
robustness and stability have been shown to often improve with the increasing of 
number of genes (Wahlberg and Wheat, 2008; Cho et al., 2011; Jiang et al., 2014). 
However, improved character sampling is not always able to resolve conflict and 
conflict frequently remains (Giribet et al, 2001; Rokas and Carroll, 2006; Meusemann 
et al., 2010; Sharma et al., 2014). 
Until recently, the generation of molecular characters was still dominated by the 
DNA sequencing technique of PCR and Sanger Sequencing (known as a ‘first-
generation’ technology), which can produce data for a relatively small set of genes 
representing different regions of the whole genome. Gene selection is done based on 
theoretical considerations and implemented via biochemical means (i.e., primers). 
However, this field has been rapidly overtaken by the emergence of various next-
generation sequencing (NGS) techniques (e.g., the Illumina technology, 454 
sequencing) in recent years (Metzker, 2009; Shendure and Ji, 2008; Pareek et al., 
2011; van Dijk et al., 2014). NGS has the advantage of producing an enormous 
volume of data at a rapid rate for even non-model taxa; i.e., NGS enables researchers 
to quickly generate a large amount of molecular characters for phylogenetic analysis. 
However, the selection of markers across taxa has to be accomplished via 
bioinformatic techniques, and the sequencing reads tend to be short. One type of 
useful NGS data in phylogenetic analysis is transcriptomes, the information of which 
has been used in a wide range of biological studies and provides fundamental 
information of gene expression and evolution (Lister et al., 2009). However, in the 
past, transcriptomic information was only available for the few model organisms 
because of the high cost of NGS and limited access to properly preserved tissues. This 
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situation is improving significantly and generating NGS data for non-model taxa is 
now routine. 
The application of NGS technology in insect systematics can also be used for 
sequencing mitochondrial and nuclear genes. Mitochondrial genes have long been 
used in phylogenetics (Castro and Dowton, 2005; Cameron et al., 2006; Longhorn et 
al., 2007). However, with the development of NGS techniques, an increasingly large 
number of nuclear protein-coding genes (PCGs) have been explored for 
reconstructing the tree-of-life of insects; especially at moderately shallow taxonomic 
levels such as the relationships within families, subfamilies, tribes and genera 
(Kawahara, 2010; Jiménez-Guri et al., 2013). At the same time, nuclear PCGs are also 
used to recover older insect relationships, e.g. among different orders or arthropod 
classes (Savard et al., 2006; Meusemann et al., 2010; Regier et al., 2010). 
However, the dramatically increased amount of NGS data has also generated 
many new bioinformatics challenges that have attracted the attention of phylogenetic 
researchers. The data contain many challenges including systematic biases such as 
differences in base composition, sites that are free to vary, and different rates among 
lineages. All are known to affect the ease with which phylogenetic relationships can 
be reconstructed and many can result in incorrect phylogenetic inferences (Lemmon 
and Lemmon, 2013). In order to overcome the bias problem, data recoding in several 
forms have been widely used, such as amino acid translations (Loomis and Smith, 
1990) and discarding or down-weighting third codon positions (Chang and Campbell, 
2000; Delsuc et al., 2003). But at the same time, these methods have also been 
criticized for discarding useful signal and/or supporting artifactual relationships 
(Campbell et al., 2000; Tarrio et al. 2000; Cameron et al., 2006; Cameron et al., 
2007; Fenn et al., 2008). In addition, the use of nuclear PCGs as a source of 
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phylogenetic data requires an accurate pipeline for using only orthologous genes 
because the inclusion of a small number of paralogous genes can lead to misleading 
results (Dehal and Boore, 2005). Unfortunately, the identification of orthologous 
genes is difficult even between fairly closely related groups if genes diversified 
independently in each lineage. Not surprisingly, there are many different pipelines 
that have been used for determining orthology (Zdobnov et al., 2002; O'Brien et al., 
2005; Chen et al., 2006; Gabaldón, 2008). Overall, the availability of many genomes 
can improve the confidence of orthology assignments by identifying the origin of 
gene copies, facilitating inferences on gene duplications and clarifying the 
relationship between gene content and the diversity of lineages. (Overbeek et al., 
1999; Parkinson et al., 2004; Zheng et al., 2005; Warren et al., 2008). However, there 
are few taxa with multiple fully-sequenced genomes. 
In addition to the effect of molecular data, the choice of phylogenetic 
methodology is also crucial for phylogenetic hypotheses (Philippe and Roure, 2011). 
Many recent analyses only use maximum likelihood (ML) to analyze data, these 
problems manifest themselves in the form of many nodes with low support, but in 
reality the problem is more serious because alternative tree optimality criteria (e.g., 
maximum parsimony: MP) often find conflicting topologies for the same clades. 
There is some evidence that in some cases parsimony outperforms maximum 
likelihood methods when it comes to recovering the correct phylogeney (Chang, 
1996; Kolaczkowski and Thornton, 2004). Wehe et al. (2008) and Buerki et al. (2011) 
suggested that MP is also robuster to missing data (e.g. from incomplete 
transcriptomic data). However, Song et al. (2010) presented that MP analyses 
performed poorly in Coleoptera without any data transformation and but also 
suggested that MP is robust against a slight detectable level of base compositional 
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heterogeneity. In addition, MP is often known to be susceptible to long-branch 
attraction and fail to be consistent if parallelism is expected to occur frequently in 
distantly related taxa (Felsenstein, 1978). Some studies have suggested that model-
based methods like ML and Bayesian Inference (BI) may be performing better 
because they can account more accurately for superimposed substitutions and 
systematic biases (Douady et al., 2003; Berger et al., 2011). But the performance of 
these model-based methods needs to rely on realistic models of heterogeneous 
evolution incorporating lineage-specific rate and site pattern differences (Felsenstein, 
1978; Galtier and Gouy, 1998; Kolaczkowski and Thornton, 2004; McCormack et al., 
2009). Other problems with model-based analysis are computational problems. For 
example, there are disparities between results obtained with different ML software. 
For example, GARLI (Zwickl, 2006) implements a genetic search algorithm which is 
computationally intensive while RAxML (Stamatakis et al., 2005) appears to be more 
computationally efficient for large datasets with thousands of genes or taxa because it 
relies on very approximate bootstrapping search algorithms in phylogenetic estimates 
(Lemmon and Lemmon, 2013). As for the BI analyses, many studies have 
documented that posterior probabilities are inflated relative to both ML and MP 
bootstrap support values (Leaché & Reeder, 2002; Whittingham et al., 2002; Cameron 
et al., 2004; Cameron et al., 2007).  
Moreover, a few studies suggested that there are additional factors that can affect 
the accuracy of phylogeny estimation and thus have to be considered. This includes 
the availability and selection of realistic evolutionary models, the proper treatment of 
missing data and data partitioning strategies (Delsuc et al., 2005; Meusemanss et al., 
2010; Jiménez-Guri et al., 2013; Lemmon and Lemmon, 2013). For example, some 
studies suggest that missing data may affect the accuracy of phylogenetic hypothesis 
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(Sanderson 2007, Wiens and Moen 2008; Wiens and Morrill, 2011; Rource et al., 
2013). However, these findings are controversial because other studies suggest that 
the problems relating to missing data can be overcome (Cho et al., 2011; Wiens and 
Tiu, 2012; Jiang et al., 2014). In addition, inappropriate data partitioning strategies 
might cause problems for phylogenetic inference (Xi et al., 2012; Leavitt et al., 2013). 
Note that the optimality criteria and biases in data or analyses tend to play a more 
crucial role at deeper phylogenetic levels than at shallow phylogenetic depths 
(Philippe and Laurent, 1998; Philippe et al., 2004; Rokas and Carroll, 2006; Cameron 
et al., 2007; Whitfield and Kjer, 2008), which may explain why backbone problems 
are so common. 
Sepsidae (Diptera: Cyclorrhapha) is a moderately species-rich clade of 
schizophoran flies with more than 320 described species belonging to 37 genera 
(Ozerov, 2005). The presence of complex courtship behaviors, conspicuous sexual 
dimorphisms, and the ease with which they can be bred under lab conditions, has 
made sepsids an increasingly important model for sexual selection studies. Behavioral 
studies on the reproductive biology of sepsids can be traced back to the 1970s when 
Parker studied a single species (Parker, 1972a, b). This was followed by research on 
sexual conflicts in Sepsis cynipsea and Sepsis punctum, as well as the effects of the 
different traits on mating success (Allen and Simmons, 1996; Blanckenhorn et al., 
1998; Reusch and Blanckenhorn, 1998; Ward et al., 1992; Ward, 1983). Many 
subsequent sexual selection studies of Sepsidae have addressed mounting behavior, 
mating behavior, and the correlation between morphology and behavior 
(Blanckenhorn et al., 1998; Blanckenhorn et al., 2004; Eberhard and Huber, 1998; 
Eberhard and Pereira, 1996; Eberhard, 1999, 2000; Martin and Hosken, 2004; 
Puniamoorthy et al., 2008; Tan et al., 2011). 
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In addition to the behavioral studies, sexual dimorphisms are extensively studied 
in Sepsidae. These flies have remarkable sexual dimorphisms such as strongly 
modified male forelegs which are involved in clamping the wing base of females 
during mounting in response to the evolution of a new copulation position (Ang et al., 
2008; Ingram et al., 2008; Puniamoorthy et al., 2008), the movable abdominal 
appendages derived from the fourth abdominal sternites on male flies (Bowsher et al., 
2013; Bowsher and Nijhout, 2007, 2009), as well as female genitalia which are 
involved in post-copulatory sexual selection (Puniamoorthy et al., 2010). Several 
recent studies of Sepsidae also started to explore other biological aspects of these 
flies, such as chemical communication at pheromone level (Araujo et al., 2014) and 
data mining at genomic level (Melicher et al., 2014). Although these newly explored 
areas usually start with studies based on single species (Themira superba and Themira 
biloba respectively), they tend to rapidly become comparative.  
The interpretation of all this comparative research in Sepsidae ultimately has to 
rely on a well-resolved and well-supported phylogenetic hypothesis. Although several 
attempts have been made to reconstruct the phylogeny of Sepsidae, the relationships 
of certain clades are still unclear. The first formal phylogenetic hypothesis for 
Sepsidae became available in 1995, which was entirely based on the morphological 
characters of larvae for 52 sepsid species (Meier, 1995a) followed by the addition of 
egg and adult morphological characters (Meier, 1995b, 1996). These studies were able 
to confirm the monophyly of Sepsidae and the basal position of Orygma and 
Ortalischema. In 2002, Pont and Meier (2002) added more morphological characters 
of adults and further supported these relationships.  
Molecular characters were not used for the phylogenetic analysis of Sepsidae until 
2005, when Laamanen et al. (2005) reconstructed the phylogeny of 12 species in the 
10 
genus Themira and five outgroups based on five molecular markers (12S, 16S, COI, 
COII and EF1a). They confirmed the monophyly of Themira and established 
Nemopoda as sister group. However, with the focus on only two genera and based on 
few genes, this study was not able to resolve the phylogenetic relationships across 
Sepsidae. Therefore, it could barely be used in comparative research. In 2008, Su et 
al. conducted phylogenetic analyses of Sepsidae with 69 species representing 18 
genera based on ten gene markers (12S, 16S, 18S, 28S, COI, COII, CYTB, AATS, H3 
and EF1a) and morphological characters. Although the phylogenetic tree obtained in 
this study was overall well-resolved, there were still two major interrelated problems. 
One was the disagreement of several phylogenetic relationship hypotheses that were 
obtained with different tree optimality criteria (MP vs. BI). The other problem was the 
poor support of “backbone” clades.  
In my thesis, I addressed these problems through additional taxon and character 
sampling. The effect of improved taxon sampling is investigated in Chapter 2, the 
results of which inspired the following two chapters (Chapters 3 and 4) that utilize a 
denser gene sample obtained via NGS. Chapter 5 is an example of additional work 
that I conducted on resolving species-limits in Sepsidae. I used molecular data to 
validate the taxonomic status of the European species Sepsis nigripes and investigate 
the genetic variability between two populations of Sepsis luteipes (Chapter 5). The 
chapters in this dissertation are presented as separate manuscripts with Chapters 2 and 
5 published and accepted for publication, respectively, and Chapters 3 and 4 in prep 
for publishing. Due to the short duration of NUS’s PhD fellowship (4 years), 











Does better taxon sampling help?  
A new phylogenetic hypothesis for Sepsidae (Diptera: 
Cyclorrhapha) based on 50 new taxa and the same 






                                                
1 A version of this chapter has been published as “Zhao, L., Annie, A.S., Amrita, S., Yi, S.K., and 
Rudolf, M., (2013). Does better taxon sampling help? A new phylogenetic hypothesis for Sepsidae 
(Diptera: Cyclorrhapha) based on 50 new taxa and the same old mitochondrial and nuclear markers. 
Molecular Phylogenetics and Evolution 69, 153-164.” I was the first author. 
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2.1 Abstract 
We here present a phylogenetic hypothesis for Sepsidae (Diptera: 
Cyclorrhapha), a group of schizophoran flies with ca. 320 described species that is 
widely used in sexual selection research. The hypothesis is based on five nuclear and 
five mitochondrial markers totaling 8,813 bp for ca. 30% of the diversity (105 sepsid 
taxa) and — depending on analysis — six or nine outgroup species. Maximum 
parsimony (MP), maximum likelihood (ML), and Bayesian inferences (BI) yield 
overall congruent, well-resolved, and supported trees that are largely unaffected by 
three different ways to partition the data in BI and ML analyses. However, there are 
also five areas of uncertainty that affect suprageneric relationships where different 
analyses yield alternate topologies and MP and ML trees have significant conflict 
according to Shimodaira-Hasegawa tests. Two of these were already affected by 
conflict in a previous analysis that was based on the same genes and a subset of 69 
species. The remaining three involve newly added taxa or genera whose relationships 
were previously resolved with low support. We thus find that the denser taxon sample 
in the present analysis does not reduce the topological conflict that had been identified 
previously. The present study nevertheless presents a significant contribution to the 
understanding of sepsid relationships in that 50 additional taxa from 18 genera are 
added to the Tree-of-Life of Sepsidae and that the placement of most taxa is well 






With more than 320 described species belonging to 37 genera (Ozerov, 2005), 
Sepsidae is a moderately species-rich taxon of schizophoran flies whose species can 
be found on all continents except Antarctica. Many species can be bred under lab 
conditions because they utilize rotting plant material or animal feces as breeding 
substrates (Ozerov, 2005; Pont and Meier, 2002). This and the presence of spectacular 
sexual dimorphisms have made sepsids attractive models for sexual selection 
research. What started with behavioral studies on Sepsis punctum (Fabricius, 1794) 
(Parker, 1972a, b) and Sepsis cynipsea (Linnaeus, 1758) (Allen and Simmons, 1996; 
Blanckenhorn et al., 1998; Reusch and Blanckenhorn, 1998; Ward, 1983; Ward et al., 
1992) later became increasingly comparative and sepsid flies from many genera are 
now cultured and studied in laboratories on different continents (Eberhard, 1999, 
2000; Eberhard and Huber, 1998; Eberhard and Pereira, 1996; Martin and Hosken, 
2004; Puniamoorthy et al., 2009; Puniamoorthy et al., 2010; Tan et al., 2011). The 
most prominent sexual dimorphism of sepsid flies is the strongly modified male 
forelegs that evolved in response to a new copulation position involving the wing base 
of females (Ang et al., 2008; Ingram et al., 2008; Puniamoorthy et al., 2008). 
Additional remarkable morphological dimorphisms of Sepsidae are the movable 
abdominal appendages on males that are derived from the 4th abdominal sternites and 
have attracted the interest of comparative developmental biologists because these 
features evolved several times independently and/or were reduced in several clades 
(Bowsher et al., 2013; Bowsher and Nijhout, 2007, 2009; Eberhard, 2001b; Wagner 
and Muller, 2002).  
14 
All comparative research in Sepsidae ultimately has to rely on well-resolved 
and supported phylogenetic hypothesis. Several attempts have been made to 
reconstruct the relationships within Sepsidae (Meier, 1995a, 1995b, 1996; Laamanen 
et al., 2005; Su et al., 2008), but many questions remain regarding the phylogenetic 
relationships of certain taxa because morphological and molecular data often disagree 
(Su et al., 2008) and the support for some nodes of the “backbone” of the tree remains 
weak despite the use of ten DNA markers for ca. 20% of all species in the latest 
analysis (Su et al., 2008). The first formal cladistic analysis based on an explicit 
character matrix was based on larval characters (Meier, 1995a). Later egg and a 
limited number of adult characters were added. An analysis of these data yielded an 
overall fairly well supported hypothesis for 52 species (Meier, 1995b, 1996). The first 
molecular hypothesis for sepsids (genus Themira) was generated almost ten years 
later and already pointed to widespread conflict between morphology and DNA 
sequences because it suggested that Nemopoda and Themira were sister groups 
(Laamanen et al., 2005). However, the full extent of the conflict only emerged in the 
most recent, comprehensive phylogenetic analysis that was based on 10 gene markers 
for 69 species from 18 genera (Su et al., 2008). Although the tree was overall well-
resolved, some branches addressing suprageneric relationships remained poorly 
supported and the arrangement of several genera was dependent on the treatment of 
insertion and deletion events (indels), the inclusion or exclusion of “alignment-
ambiguous” regions, and the choice of method (parsimony versus Bayesian 
inference). This has greatly impeded with our ability to reconstruct precisely the 
evolution of sepsid traits and behaviors. 
Here we attempt to address these issues by using a denser taxon sample. The 
question of whether the results of phylogenetic analyses are best improved through 
15 
sampling more taxa or characters has been debated extensively (Dimitar et al., 2013; 
Chen et al., 2013; Corl and Ellegren, 2013; Crawley and Hilu, 2012; Wiens and Tieu, 
2012; Townsend and Lopez-Giraldez, 2010; Hillis et al., 2003; Pollock et al., 2002; 
Rokas and Carroll, 2005; Rosenberg and Kumar, 2001; Rosenberg and Kumar, 2003; 
Zwickl and Hillis, 2002) and we here provide another empirical data point that can 
help with assessing the benefits of denser taxon sampling. We add 50 new taxa to the 
existing dataset of Su et al. (2008) that included 69 species. The new data were 
obtained for species from 18 genera. Eight of these were not previously included in 
Su et al. (2008). Note that in several cases we use multiple individuals of the same 
“species” because based on genetic markers we suspect the presence of cryptic 
species. We test whether the improved taxon sample reduces conflict between 
maximum parsimony (MP), Bayesian (BI), and maximum likelihood (ML) analyses 
and whether it stabilizes those branches that were poorly supported before (Su et al., 
2008). We also propose new relationship hypotheses for the newly added species and 
genera. We furthermore study to what extent the treatment of indels, the use of 
parsimony or likelihood, and different partitioning strategies affect the results. 
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2.3 Materials and Methods 
2.3.1 Taxon sampling 
The taxon sample consists of the 69 sepsids from Su et al. (2008) and 50 new 
taxa (Appendix 1 Supplementary Table 1); i.e., the new dataset covers 119 taxa 
including 105 sepsid species (24 genera). Compared to Su et al. (2008) we add eight 
genera that were not covered previously. The new genera included are 
Pseudopalaeosepsis, Palaeosepsis, Perochaeta, Adriapontia, Meropliosepsis, 
Leptomerosepsis, Brachythoracosepsis, and Palaeosepsis. Note that the latter was 
represented in Su et al. (2008) by pusio (Schiner, 1868), but this species was 
subsequently transferred to Archisepsis. Perochaeta was not included in Su et al. 
(2008) but had recently been added to datasets used in Bowsher et al. (2013) and Ang 
et al., (2008). For Perochaeta and ten other genera that were already included in Su et 
al. (2008), we add additional species: Archisepsis, Microsepsis, Meroplius, Themira, 
Nemopoda, Sepsis, Dicranosepsis, Toxopoda, Paratoxopoda, and Allosepsis.  
The choice of outgroup became recently more complicated because of conflict 
between morphological and molecular data. Based on morphological characters that 
are reviewed in Meier (1996), Sepsidae belong to Sciomyzoidea and are sister group 
to Ropalomeridae. Hence, in one set of analyses (dataset 1, see below), we here use 
six outgroups from four sciomyzoid families as the previous study (Su et al., 2008).  
However, according to the analysis of Wiegmann et al. (2011) with molecular 
data, Sepsidae may not belong to Sciomyzoidea because it was placed in a clade that 
also includes Opomyzidae, Acartophthalmidae, and Chyromyidae. This clade was 
sister group of Tephritoidea. Unfortunately, all these relationships had low support so 
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that the placement of Sepsidae within Schizophora remains unclear. However, in 
order to accommodate these new results, we carried out a second set of analyses that 
also included three other acalyptrate outgroups from the Tephrididae, Diosidae and 
Drosophilidae (dataset 2, see below). We would have liked to include Opomyzidae, 
Acartophthalmidae, and Chyromyidae, but for these taxa data are only available for 
two of the genes used in our analysis. 
Most samples used in this study were preserved in 95% ethanol and 
refrigerated until DNA extraction. However, in some cases the material had been 
stored at room temperature which impeded obtaining sufficiently high-quality DNA 
for the amplification of nuclear genes (Appendix 1 Supplementary Table 1). Vouchers 
were deposited at the Evolutionary Biology Laboratory at the National University of 
Singapore. 
2.3.2 DNA extraction, PCR amplification and sequencing 
Total genomic DNA was extracted from whole flies using a modified CTAB 
extraction protocol (Shahjahan et al., 1995). Fragments of four ribosomal genes (12S, 
16S, 18S and 28S), three mitochondrial protein-coding genes (COI, COII and CYTB) 
and three nuclear protein-coding genes (AATS, H3 and Ef1a) were amplified (See 
Table 2.1 for details). PCR primers and conditions followed the previous study (Su et 
al. 2008). The amplified PCR products were purified with SureClean (Bioline, 
Randolph. MA) following the manufacturer’s suggested protocols. In case of multiple 
PCR bands despite optimizing amplification conditions, gel extraction was used in 
order to obtain the targeted PCR product. Cycle sequencing was performed using 
BigDye Terminator v3.1. For direct sequencing, the dye-terminator was removed 
using CleanSEQ solution (Beckman Coulter Genomics, Danvers, MA). The products 
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were analyzed in both directions in an ABI 3100 Genetic Analyser (Perkin Elmer, 
Waltham, MA).  
2.3.3 Sequence editing, alignment, and concatenation 
The forward and reverse reads for each gene were imported into Sequencher 
v4.6 (Gene Codes Crop., Ann Arbor, MI, USA), assembled into contigs, edited, and 
the consensus sequence for each species was exported as FASTA. BLAST searches in 
NCBI (http://blast.ncbi.nlm.nih.gov/Blast.cgi) were conducted for each sequence 
(Altschul et al., 1997) in order to check for contamination before alignment. All data 
that passed this test were aligned using the online version of MAFFT 
(http://mafft.cbrc.jp/alignment/server/; Katoh et al., 2005) using the algorithms listed 
in Table 2.1 and the following parameters: Scoring matrix for amino acid sequences: 
BLOSUM62; Scoring matrix for nucleotide sequences: 200PAM/k = 2; Gap opening 
penalty: 1.53; Offset value: 0.0; Number of homologs: 50; Threshold: E = 1e-10. 
Subsequently, sections at the beginning and end of the alignment were excluded if 
they were only available for a small subset of taxa and/or were particularly difficult to 
align. Moreover, the raw alignment was manually corrected if isolated nucleotides 
had been placed at the end of the alignment (see Appendix 1 Supplementary Fig. 13 
for details). We also excluded a length-variable ca. 60 bp insertion of AATS within 
Themira that is difficult to align (see Su et al., 2008). The alignments for the 
mitochondrial and nuclear protein-encoding genes were free of stop codons after 
translation into amino acid sequence in Mega 5 (Tamura et al., 2011) under the 
invertebrate mitochondrial and standard genetic code, respectively. After alignment, 
all genes were concatenated using SequenceMatrix v1.7.8 (Vaidya et al., 2011) which 
preserves codon information during concatenation. SequenceMatrix was also used for 
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an additional contamination check by finding all pairwise distances within genes that 
were <0.5%. For fast evolving genes such sequence pairs may indicate contamination 
unless they come from closely related species. The concatenated matrix is available as 
supplementary material. One dataset each was generated for the two different 
outgroups sets (dataset 1 = sciomyzoid outgroups; dataset 2 = sciomyzoid outgroups 
and Ceratitis capitata, Teleopsis dalmanni, Drosophila melanogaster; datasets are in 
supplementary data). 
2.3.4 Comparing subsets of taxa with full data 
The analyses of Su et al. (2008) not only had a different taxon sample, but also 
included morphological characters, used different alignment methods, and different 
algorithms of the MP and BI searches. Given that we were interested in the influence 
of taxon sampling on topological conflict, we had to re-analyze the Su et al. dataset. 
We created two subsets of dataset 1. Subset 1 consisted only of the 75 taxa (69 
sepsids + 6 outgroups) from Su et al. (2008) but utilized the same alignment as in 
dataset 1. Subset 2 consisted of the taxa from Su et al. (2008) but with a new 
alignment based on only these 75 species (same alignment procedures as described 
above). None of the datasets included the morphological characters from Su et al. 
(2008) because their scores were not available for the newly added species for which 
larvae are mostly unknown.  
2.3.5 Phylogenetic analyses 
The datasets were analyzed using (1) maximum parsimony (MP), (2) 
maximum likelihood (ML), and (3) Bayesian inference (BI) analyses (except for 
dataset 2). Topological differences between the trees obtained in different analyses 
20 
were illustrated using TreeMap v3.0b (Charleston, 2002). For the MP analyses we 
also treated indels once as missing data (indel = ?) and once as 5th character states 
(indel = 5th). All MP analyses were conducted in TNT v1.0 (Goloboff et al., 2008) 
using the following settings: new technology search at level 99, initial addseqs = 5, 
finding the minimum length 10 times. The same settings were used for 500 
nonparametric bootstrap replicates for the phylogenetic analyses of dataset 1 and 
subset 1 and 2, and 1,000 replicates for dataset 2.  
For the model-based analyses, model-selection and data partitioning may yield 
different tree topologies and branch support (Brown and Lemmon, 2007; Castoe et 
al., 2004) and it has been recommended that different models should be used for 
different genes/codon positions (Pagel and Meade, 2004). We here used three 
partitioning schemes. For the first we treated the concatenated data as one partition, 
the second was partitioned by genes (i.e., 13 partitions because for 28S and COI each 
amplification fragment was treated as a separate partition), and the third scheme was 
partitioned by individual codon positions. For the latter the protein-encoding, 
mitochondrial genes were combined and 3rd codon position were treated as different 
partitions as the 1st and 2nd codon positions.The same procedure was applied to the 
three nuclear protein-encoding genes while all four rDNA genes were treated as 
additional partitions (i.e., 10 partitions in total). For all partitioning schemes and 
partitions, we used jModelTest v0.1 (Posada, 2008) for model selection under the 
Akaike Information Criterion (AIC). The corresponding models for the different 
partitions were shown in Table 2.1. 
The ML analyses were performed using Genetic Algorithm for Rapid 
Likelihood Inference (GARLI) v2.0 (Zwickl, 2006) with the chosen models (Table 
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2.1). Two independent analyses were run for each partitioning scheme in order to 
ensure convergence. The analyses were terminated if there was no change in the ln 
likelihood score for 20,000 consecutive generations. If a different final tree was found 
by the two replicates, more search replicates were added until the same final topology 
with the best log-likelihood score had been found at least twice or a new tree with a 
better score had been found and reconfirmed. Support was evaluated using 250 
bootstrap repetitions (each run terminated using stopping criterion set to 10,000 
generations). In order to calculate the relative nodal support and summarize trees, 
SumTrees v3.3.1 (Sukumaran and Holder, 2010) was used to map nodal support on 
the optimal tree.  
The Bayesian inferences were performed using MrBayes v3.2.0 (Ronquist and 
Huelsenbeck, 2003). Given that only few models (F81/HKY/GTR) are available in 
MrBayes, it has been proposed that models not represented in MrBayes should be 
substituted by the most complex model available (GTR+I+G). Therefore, the most 
complex model (GRT+I+G) with default priors and likelihood model settings were 
used for each partition (Razo-Mendivil et al., 2010). Markov chain Monte Carlo 
(MCMC) analyses were run for two independent sets of four chains with a chain 
length of 10,000,000 generations, starting from a random tree with a sample 
frequency for trees of 1 in every 1,000 generation. The analyses were continued until 
the average standard deviation of the split frequencies approached 0 indicating that 
two runs had converged onto a stationarity distribution (Average standard deviation of 
split frequencies: one partition: 0.001374; partitioning by gene: 0.000797; partitioning 
by codon position: 0.001320). This was further assessed visually by plotting 
generations vs. log probability in Tracer v1.5 (Rambaut and Drummond, 2009) which 
was also used to determine when stationarity had been reached. The two independent 
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runs started to reach the stationarity at 100,000 generations (1%) in all analyses. In 
order to obtain the posterior probabilities (PP), we were conservative and removed the 
first 25% of all trees before calculating majority rule consensus trees.  
In order to compare the fit of the data on conflicting topologies, we 
determined the tree lengths of the ML trees in MP using PAUP 4.0 (Swofford, 2003). 
We also used CONSEL v0.20 to carry out Shimodaira-Hasegawa (SH) tests for 
testing the different tree topologies from the MP and ML analyses for significant 
conflict (Shimodaira and Hasegawa, 2001). In addition, we also determined whether 
the individual, alternative topologies in Fig. 2.3 had significantly different fit. For this 
purpose, we constrained each topology and then use GARLI v2.0 (same settings as 




2.4.1. Phylogenetic analyses 
The concatenated matrix for dataset 1 consists of 8,813 characters. The MP 
analyses of this dataset found 14 most parsimonious trees when indels were treated as 
5th character states (27,158 steps) and four when indels were treated as missing 
character states (26,308 steps). The strict consensus tree of the latter is well resolved 
(Appendix 1 Supplementary Fig. 4a) and largely congruent with the ML and BI trees 
(see Fig. 2.2). However, when indels were treated as 5th character, the consensus tree 
of the MP analysis was poorly resolved and numerous “backbone” nodes were 
collapsed (Appendix 1 Supplementary Fig. 3b). For dataset 2, the MP analyses found 
2 most parsimonious trees in both treatments of indels as 5th character statement 
(29,154 steps) and as missing character states (28,172 steps) with the same topology 
of the strict consensus trees (Appendix 1 Supplementary Fig. 12a, b). The choice of 
outgroups influences ingroup relationships with regard to two relationships (see Fig. 
2.3). 
For model-based analyses, we used jModelTest to identify the most 
appropriate models for each partition (Table 2.1). The GARLI scores after final 
optimization were as follows for the best trees according to the three partitioning 
schemes: For dataset 1, one partition: −126,430.6431, partitioning by gene: 
−122,353.7816; partitioning by codon positions: −120,208.9264; dataset 2: one 
partition: −133,874.2287, partitioning by gene: −129,405.4226; partitioning by codon 
positions: −129,440.3116. The BI analyses of dataset 1 generated identical tree 
topologies for the different partitioning strategies with very similar PP at each node 
(Appendix 1 Supplementary Fig. 3). This might be partly due to the limited number of 
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complex models in MrBayes but the topologies of the ML and BI analyses are also 
near identical under all partitioning schemes (see Appendix 1 Supplementary Fig. 10 
for the few differences). The choice of outgroups did not influence ingroup 
relationships in the ML analysis (Fig. 2.3; Appendix 1 Supplementary Figures). Given 
this finding, we did not perform BI analyses for dataset 2. 
Table 2.1. Sequence information with Mafft Algorithms and Best Fitted Models from jModelTest for 




Overall, the relationships for the vast majority of nodes are very similar across 
all analyses. We illustrate the similarities and conflict using three figures (Figs. 2.1, 
























data best fitted 
models 
12S 651 100 FFT-NS-i TIM3+I+G TIM3+I+G TVM+G TVM+G
16S 533 92 FFT-NS-i TPM2uf+G TPM2uf+G TIM3+I+G TIM3+I+G
18S 701 95.2 FFT-NS-i TPM1uf+I+G TPM1uf+I+G TPM1uf+I+G TPM1uf+I+G
28SS1 876 93.6 FFT-NS-i GTR+G GTR+G GTR+I+G GTR+I+G
28SS2 855 92.8 FFT-NS-i TVM+I+G TVM+I+G GTR+I+G GTR+I+G
28SS3 487 59.2 L-INS-i GTR+I+G GTR+I+G GTR+G GTR+G
COIa 635 92.8
FFT-NS-i
TIM3+I+G 1st &2nd codon 
position:
TIM3+I+G 1st &2nd codon 
position:
COIb 767 99.2 FFT-NS-i TIM2+I+G TrN+G   TPM2uf+I+G GTR+I+G
COII 681 97.6
FFT-NS-i
TPM2uf+I+G 3rd codon 
position:
TIM3+I+G 3rd codon 
position:
CYTB 708 97.6 FFT-NS-i TPM2uf+I+G GTR+I+G TVM+I+G GTR+I+G
Ef1a 1000 79.2
L-INS-i
TIM1+I+G 1st &2nd codon 
position:
SYM+I+G 1st &2nd codon 
position:
H3 368 47.2 L-INS-i TPM2+G TPM2uf+G   SYM+G GTR+I+G




























data best fitted 
models 
L-INS-i TVM+G TVM+G FFT-NS-i TPM2uf+I+G TPM2uf+I+G
L-INS-i TIM3+I+G TIM3+I+G FFT-NS-i TIM3+I+G TIM3+I+G
L-INS-i TPM1uf+G TPM1uf+G FFT-NS-i TPM3+I+G TPM3+I+G
L-INS-i GTR+I+G GTR+I+G FFT-NS-i GTR+I+G GTR+I+G
L-INS-i GTR+I+G GTR+I+G FFT-NS-i GTR+G GTR+G
L-INS-i TVM+G TVM+G FFT-NS-i TVM+I+G TVM+I+G
L-INS-i
TPM2uf+I+G 1st &2nd codon 
position: FFT-NS-i
TPM2uf+I+G 1st &2nd codon 
position:
L-INS-i TPM2uf+I+G GTR+I+G FFT-NS-i HKY+I+G TVM+I+G
L-INS-i
TIM3+I+G 3rd codon 
position: FFT-NS-i
TPM2uf+I+G 3rd codon 
position:
L-INS-i TVM+I+G TVM+G FFT-NS-i TVM+I+G TPM2uf+I+G
L-INS-i
SYM+I+G 1st &2nd codon 
position: FFT-NS-i
TIM3ef+I+G 1st &2nd codon 
position:
L-INS-i SYM+G GTR+I+G L-INS-i TPM2uf+I+G TPM2uf+I+G
L-INS-i GTR+G
3rd codon 







Fig. 2.2 illustrates the differences between the ML tree and the MP tree (indels = ?) 
while Fig. 2.3 lists comprehensively all topology differences affecting suprageneric 





Figure 2.1. Model-based phylogenetic tree for Sepsidae (number above and below the nodes are 
support ranges for ML (codons/genes/one partition) and BI analyses based on different partitioning 
schemes; “-“ = node not supported; locality information only provide for the species which have more 
than one population involved to distinguish, detail information for all specimen are available in 






































































Figure 2.2. Topological differenes between ML (right; partitioned by codons) and one MP (left; indel = 
?) hypotheses (“*” = node collapsed on bootstrap tree) 
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2.4.2 Summary of relationships 
All analyses yield trees on which Sepsidae are monophyletic and Orygma + 
Ortalischema is sister group to all remaining sepsids. Several species-rich clades are 
consistently supported. For example the Neotropical sepsids: Archisepsis, 
Microsepsis, Meropliosepsis, Palaeosepsis, Pseudopalaeosepsis; the clade that we 
here call the “African clade”: Adriapontia, Brachythoracosepsis, Leptomerosepsis; 
and a clade that we here call the “Higher sepsids”: Sepsis, Dicranosepsis, Allosepsis, 
Parapalaeosepsis, African clade (see Fig. 2.1). Most major genera are similarly 
monophyletic (Nemopoda, Themira, Saltella, Meroplius, Platytoxopoda and 
Toxopoda, Paratoxopoda, Perocheata, Brachythoracosepsis, Dicranosepsis, 
Parapalaeosepsis, Allosepsis). An exception is Archisepsis, which is made 
paraphyletic by the generic rank of Pseudopalaeosepsis nigricoxa Ozerov 1992. The 
relationships within the genera are very stable across different analyses. 
Conflict between the different analyses using different partitioning schemes, 
outgroups, and optimality criteria is mostly found for relationships between taxa 
above the genus level. The trees have five suprageneric conflict areas that are shown 
in Fig. 2.3. Three are minor in that they involve only three clades each and the 
analyses find the two resolved relationships hypotheses that exist for the three taxa 
(Fig. 2.3 a−c). These three areas involve the (1) relationships between 
Parapalaeosepsis, Allosepsis, and Dicranosepsis (Fig. 2.3a: two topologies), (2) the 
position of Sepsis relative to the African clade (Fig. 2.3b: two topologies), and (3) the 
relationships between Microsepsis, Meropliosepsis, and Palaeosepsis (Fig. 2.3c: two 
topologies); The remaining two areas of disagreement involve rearrangements of a 
larger numbers of clades (Fig. 2.3 d,e: 6−7 topologies) and much of the conflict is 
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between parsimony and model-based estimates. These areas involve the (4) 
relationships between Zuskamira, Saltella, Susanomira, Themira+Nemopoda and a 
clade consisting of the remaining sepsids (Fig. 2.3d) and the (5) relationships between 
Meroplius, Toxopoda, a clade consisting of the Neotropical sepsids, and the “Higher 
sepsids” (Fig. 2.3e). In most cases the key clades that generate conflict have low 
support (see discussion and Appendix 1 Supplementary Table 2). With regard to these 
conflict areas, outgroup choice has no impact on the ML analyses, but MP recovers 
two novel topologies in conflict areas (Fig. 2.3d,e). 
SH tests revealed that the different ML trees did not have statistically different 
fit to the data (Table 2.2a: p = 0.382−0.974). However, when evaluated under ML all 
MP topologies (regardless of indel treatment) were significantly different (Table 2.2b: 
p = 0.001−0.007). Only two of the 13 topology differences found in dataset 1 in Fig. 
2.3 yielded also significant results (Table 2.2b). From a parsimony perspective, all 
ML trees were marginally longer (0.2%−0.3%) [ML(partition = genes): +103 steps, 










Figure 2.3. Topological differences between MP, ML, and BI analyses (dataset 1= full dataset with six 
outgroups; subset 1&2 = subsets of dataset 1 taxa, see text; Su et al. (2008) = relationships in previous 
analysis; dataset 2 = full dataset with nine outgroups). Support values for each dataset in each topology 




Table2.2: Shimodaira-Hasegawa (SH) tests for alternative topological hypotheses 
 
Table 2.2a. SH tests for ML,MP and BI alternative topological hypotheses of Dataset 1 
 
Table 2.2b. SH Test of the five Conflict Areas of Dataset 1 among different analyses 
 
2.4.3 The effect of increased taxon sampling on sepsid phylogeny 
In order to investigate whether the denser taxon sample in the current analyses 
increases resolution and support while reducing conflict, we compared the ML, BI 
and MP trees of this current 125 taxa dataset (dataset 1) with what would have been 
obtained if the same 75 taxa had been analyzed that were used in Su et al. (2008). 
This comparison is based on one dataset that was obtained by deleting 50 taxa from 
the full dataset (“subset 1”) and once by realigning the data for these 75 taxa (“subset 
Item
p  value of 
SH test Item
p  value of 
SH test Item
p  value of 
SH test
#1 5 0.916 6 0.882 6 0.974
#2 7 0.681 7 0.774 7 0.438
#3 6 0.482 5 0.747 5 0.382
#4 3 0.001* 3 0.003* 3 0.007*
#5 1 0.001* 1 0.004* 1 0.005*
#6 2 0.001* 2 0.002* 2 0.004*
#7 4 0.001* 4 0.002* 4 0.003*
Item 1,2,3,4 refer to the four MP (indels=?) best trees.  
Item 5,6,7 are the best ML trees (partition=one,codons and genes respectively).
BI analyses have the same topology as ML one partition (Item 5).





1 1-1 Dic(Par+All) 0.499 0.533 0.382
1-2 All(Par+Dic) 0.501 0.467 0.618
2 2-1 Sep(DAP(Adr(Lep+Bra))) 0.547 0.735 0.607
2-2 DAP(Sep(Adr(Lep+Bra))) 0.453 0.265 0.393
3 3-1 Pal(Mer+Mic) 0.83 0.853 0.623
3-2 Mer(Pal+Mic) 0.17 0.147 0.377
4 4-1 ((The+Nem)(1(Zus(Sus+Sal)))) 0.627 0.767 0.744
4-2 ((The+Nem)(1(Sus(Zuk+Sal)))) 0.818 0.647 0.731
4-3 Sal((Sus+Zus)(1(The+Nem))) 0.019* 0.094 0.146
5 5-1 Neo(Mer(Tox(Dec(Par&Per+2)))) 0.856 0.903 0.932
5-3-1 (Mer+Neo)(Tox(HS&Per(Dec+Par))) 0.182 0.115 0.068
5-3-2 (Mer+Neo)((Dec+Par)(Tox(HS&Per))) 0.114 0.059 0.032*
5-3-3 (Mer+Neo)(HS&Per(Tox(Dec+Par))) 0.099 0.059 0.027*
Constraint area and topologies are show n in Fig.3.
Asterisks indicate the topology that the tested topologies w as signif icantly different at P<0.05. 
p  value of SH TestConstraint TopologyConflict Area
0.830 
0.170 
 . * 
 . * 
 . * 
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2”). We also compare all results to the MP analysis of Su et al. (2008) with the 
molecular data (indels = ?; 5th) and the BI analysis of Su et al. (2008) although the 
latter is based on a dataset that also contained 96 morphological characters. Note that 
of the five conflict areas in Fig. 2.3, two involve taxa (Fig. 2.3b,c) that were only 
added in the present analysis and are thus not relevant in this context.  
Taxon sampling and topological conflict. If a denser taxon sample were to 
reduce topological conflict, the dataset with more taxa should support fewer 
alternative topologies than dataset with lesser taxa. dataset 1. However, for conflict 
area 1 (Fig. 2.3a), the denser taxon sample increases conflict because the subsets 
support one topology where the full dataset supports two. For conflict area 5 (Fig. 
2.3e), the subsets support three topologies while the full dataset supports four 
topologies. Only for conflict area 4 (Fig. 2.3d), the subset analyses support the same 
number of topologies that are also supported under the full dataset.  
Taxon sampling and node support. We identified those nodes that are shared 
between the ML analyses based on the full dataset and its subsets (analysis partitioned 
by codon) and then compared whether the bootstrap values were higher for the nodes 
on the tree based on the full dataset (only differences >5 were counted). Overall we 
find that similar numbers of nodes have increase and decrease of support. For 
example, we find that there are 10 nodes with an increase and 11 nodes with a 
decrease of bootstrap support between the trees based on the dataset 1 and subset 1 
(44 nodes change <5). The corresponding numbers for subset 2 were seven and six 
(52 nodes change <5). For MP trees the numbers of nodes with support increases and 
decreases were again similar (subset 1, indel = ? => nodes with lower bootstrap: 7, 
higher bootstrap: 6, unchanged: 44; subset 1, indel = 5th => lower: 8, higher: 6, 
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unchanged: 42; subset 2, indel = ? => lower: 6, higher: 5, unchanged: 44; subset 2, 
indel = 5th => lower: 7, higher: 5, unchanged: 44)(See Appendix 1 Supplementary 
Figures 1−9 for detail).  
Taxon sampling and resolution. If taxon sampling were to help with 
resolution, we would expect fewer polytomies on the trees based on the full dataset 
than its subsets. This is indeed the case for the polytomies on the ML tree based on 
subset 2 and it is also the case for two nodes each of the MP analyses for subsets 1 
and 2 regardless of whether indels were coded as missing values or 5th character 
states. However, for the MP analyses there was a similar number of nodes that were 
only resolved on subsets 1&2 trees; i.e., overall, there is no clear effect of taxon 




We here propose a new relationship hypothesis for Sepsidae. The tree is more 
comprehensive than the phylogeny of Su et al. (2008) that covered 69 sepsid species. 
Most of the 50 taxa that were added in this new analysis are placed with good support 
on a tree that is overall well-resolved and supported. This is particularly the case for 
most of the newly added genera whose relationships are now well understood. They 
either fall into a Neotropical clade of Sepsidae (Archisepsis, Meropliosepsis, 
Microsepsis. Palaeosepsis, Pseudopalaeosepsis) or an African clade that is here 
newly proposed (Adriapontia, Leptomerosepsis, Brachythoracosepsis). Only the 
placement of the Oriental Perochaeta is less confident because there is only moderate 
support for a sister group relationship between Perochaeta and the “higher sepsids” 
(Sepsis , African clade, Dicranosepsis, Parapalaeosepsis and Allosepsis). 
Unfortunately, the placement of this genus is important because it may represent an 
independent acquisition of sternite brushes and has been used to document an 
evolutionary correlation between the loss of foreleg armature in males and a new 
mounting behavior (Ang et al., 2008; Puniamoorthy et al., 2008). Our analysis also 
included additional species from 10 genera. All new species are placed within their 
respective genera and/or species groups. However, a few placements deserve 
comments from an evolutionary and or classification point of view.  
The males of most species in Themira, Nemopoda, Meroplius, and the Neotropical 
genera have modified fourth sternites that are extensively used during courtship 
(Puniamoorthy et al., 2009) and whose elaboration differs between species and genera 
(Ang et al., accepted; Bowsher et al, 2013; Pont and Meier, 2002). In some species 
only the shape of the sternite is modified from rectangular to approximately triangular 
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with elongated bristles at the posterior corners (Bowsher et al., 2013). In other 
species, the fourth sternites form well-developed moveable appendages with 
articulated end pieces that carry bristles. A recent evolutionary analysis of 70 sepsid 
species by Bowsher et al. (2013) concluded that the modified sternites evolved at the 
base of the sepsid tree, were lost several times, and re-appeared in Perochaeta dikowi 
(Bowsher et al., 2013). The new species added in our current analysis confirm this 
result. But several of the newly added Neotropical genera and species are in a position 
on the sepsid tree that allows us to elaborate the scenario. The placement of these taxa 
suggests that small sternite brushes were already present in the ancestor of the 
Neotropical clade given that they are found in Meropliosepsis, Microsepsis armillata 
(Melander and Spuler, 1917), Palaeosepsis, and Pseudopalaeosepsis. This finding has 
implications for the evo-devo work on sepsid sternites because it indicates an early 
acquisition of these brushes in the family (Bowsher et al., 2013; Bowsher and 
Nijhout, 2009; Eberhard, 2001b; Wagner and Muller, 2002). Our new tree also 
suggests that the morphology of the sternite brushes can evolve quickly because it 
varies considerably between close relatives. For example, Themira gracilis 
(Zetterstedt, 1847) has only moderately-sized brushes (see images in Ang et al., 
accepted) and it is here revealed to be the sister group to T. leachi (Meigen, 1826) 
with large brushes in a lateral placement. Unlike Nemopoda nitidula (Fallén, 1820) 
the newly added N. speiseri (Duda, 1926) has brushes with normal bristles while the 
bristles of N. nitidula are flattened and stout. The newly added Meroplius 
alberquerquei Silva 1990 lacks sternite brushes altogether but it is nested within 
Meroplius species that have brushes.  
The genus Dicranosepsis contains more than 30 described species (Ozerov, 1996; 
Ozerov, 2005). All but one species are found in the Oriental region with some having 
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distributions that expand into the Palaearctic and Australasian regions. The only 
exception is the Afrotropical D. takoensis (Vanschuytbroeck, 1963), which is 
included in our new analysis and is nested within Dicranosepsis. This implies that it 
has dispersed secondarily to the Afrotropical region given that it is the only known 
species within this genus from Africa. This hypothesis is also supported by the 
observation that the sister group of the predominantly Oriental Dicranosepsis is a 
clade composed of the Australasian Parapalaeosepsis and Oriental Allosepsis and 
there are no additional Afrotropical species in this clade of more than 50 species. 
The newly added taxa also raise some classification issues. As suspected 
previously (Meier, 1995a; Meier, 1996; Su et al., 2008), the most species-rich genus 
of Sepsidae, Sepsis, is polyphyletic because Australosepsis and Lasionemopoda are 
nested within Sepsis sensu stricto and Sepsis indica (Wiedemann, 1824) is more 
closely related to Parapalaeosepsis and Dicranosepsis than to the remaining Sepsis. 
Given the considerable support for these relationships, it is time that Australosepsis 
and Lasionemopoda should be treated as subgenera of Sepsis. This was already 
proposed in a previous study using morphological and molecular characters (Su et al,. 
2008) and has morphological support (e.g., arrangement of ridges on the larval facial 
mask: Meier, 1996). However, both names are still used often at the genus level. In 
our manuscript we deviate from this practice and consistently use Sepsis for 
niveipennis, frontalis, and hirsuta. In addition, Allosepsis Ozerov 2005, which was 
recovered as monophyletic in this study, should be treated as a valid genus (Su et al., 
2008). It currently only includes three described species, but in our analysis it is 
represented by nine terminals. Allosepsis comprised several lineages corresponding to 
at least six putative cryptic species which will be treated in a forthcoming manuscript 
that incorporate morphological, genetic, and behavioral data. Our analysis also 
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suggests that additional classification changes may become necessary within the clade 
of Neotropical sepsids given that Pseudopalaeosepsis is nested within Archisepsis. 
However, such changes should await better sampling of Palaeosepsis and 
Pseudopalaeosepsis because the support for several relationships within the 
Neotropical sepsids remains weak and the genus-level relationships differ depending 
on whether the data are analyzed with MP or model-based methods. 
2.5.1 Does better taxon sampling help? 
We here sample 50 additional taxa compared to Su et al. (2008). This was an 
attempt to overcome several problems that were identified in the analyses of Su et al. 
(2008). The first problem in that study was topological conflict between the trees 
obtained with different analysis methods (MP vs. BI; treatment of indels) and the 
second was low support for the “backbone” of the tree. The problems were related 
because the branches with conflict in MP and BI analyses were overall also poorly 
supported. After adding 50 taxa, we find that the denser taxon sample does not help 
with resolving conflicts. Su et al. (2008) had identified two areas of the tree with 
multiple conflicting resolutions (see their Fig. 2). The same two areas have conflict in 
the current analysis and the conflict is again mostly between MP and model-based 
analyses. In addition to the two areas of conflict discovered in Su et al. (2008), three 
new areas of conflict at the suprageneric level are found in our new analyses. Two 
involve newly added genera (Meropliosepsis, Palaeosepsis; African sepsids) while 
the third involves genera that were resolved with low support in the dataset with the 
sparser taxon sample (Su et al., 2008: Parapalaeosepsis, Allosepsis, Dicranosepsis). 
Topological conflict between trees based on different analysis techniques is 
probably not as uncommon as reported in Rindal and Brower (2011), but our analysis 
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support the authors’ contention that they are usually found for clades that have 
relatively low support. All conflicting nodes in our analyses have low support in MP 
analyses [<70 bootstrap (BS)]. With one exception (BS = 80−86), this is also the case 
for ML analysis (BS: 40−44, 62−69, 63−67, 64−72, 65−72, 72−79, 75−81; see 
Appendix 1 Supplementary Table 2). However, in contrast to Rindal and Brower 
(2011), we find evidence for conflict between branches that are strongly supported in 
BI (PP =1.0 or >0.95) and weakly supported in ML and MP analyses. This is likely 
due to the “overcredibility” of posterior probabilities (Suzuki et al., 2002) given that 
in all these cases the ML bootstrap support values for the same nodes are also 
considerably lower than the corresponding PP values.  
We also studied node support in order to test whether a denser taxon sample 
increases bootstrap values. We only counted those nodes that were in agreement 
between MP and model-based approaches and find that most nodes have 
approximately the same support (assessed as BS of +/− 5) and a similar number of 
nodes have increased or decreased support. We also find that for our dataset a denser 
taxon sampling does not help significantly with tree resolution. We carried out 
analyses based on the full dataset and the subset of taxa from Su et al. (2008). If taxon 
sampling were to help with resolving the tree, we would expect fewer polytomies in 
the trees based on the full dataset (after removal of the “new” taxa) than on the Su et 
al. trees. We instead find cases of increased and decreased resolution on the 
dependent on analysis technique; i.e., there is no consistent evidence for an 
improvement of resolution with better taxon sampling in Sepsidae.  
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2.5.2 Data exploration and the choice of a phylogenetic hypothesis for 
Sepsidae 
Rindal and Brower (2011) raised the issue whether analyzing datasets using 
different analysis techniques (MP, ML, BI) is valuable given that most authors report 
few if any conflicts. We believe that there are several reasons why such data 
exploration remains valuable. Different analysis techniques are known to be sensitive 
to different problems under different conditions (Bergsten, 2005; Felsenstein, 1978; 
Kolaczkowski and Thornton, 2004; Pol and Siddall, 2001; Siddall, 1998; Simmons, 
2012a, b). Data exploration using different methods can reveal topological conflict 
which points to the failure of at least one the techniques. It may not be possible to 
discern which method yielded misleading results, but at least the conflict has been 
revealed and the affected relationships can be interpreted with greater caution. With 
regard to the sepsid trees presented here, most relationships are fortunately congruent 
between MP, ML, and BI. For those relationships that differ between MP and model-
based trees, we would submit that more data are needed before a choice can be made. 
We would argue that in the meantime all classification changes with regard to the taxa 
involved should be on hold and tests of evolutionary hypotheses that require a tree 
should be based on the competing MP and ML topologies.  
2.5.3 Does data partitioning make a difference? 
We here analyzed the data once without partitioning and twice with different 
partitioning schemes that involved 10 and 13 partitions, respectively. All three 
analyses were carried out using ML and BI. Apart of the expected changes in 
likelihood scores, the tree topologies and node supports were almost identical (see 
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Appendix 1 supplementary Fig. 2) and only the support values in the ML analyses 
were slightly higher in the partitioned versus the unpartitioned analyses. Note, 
however, that our partitioning schemes were selected a priori and it is conceivable 
that additional schemes selected using different strategies (e.g., Lanfear et al., 2012) 
would change our conclusion that partitioning has little influence on the outcome of 




Our new hypothesis for sepsid relationships successfully places several genera 
and many additional species onto the phylogenetic tree of Sepsidae. Having 
phylogenetic hypotheses for these species is not only important for classification 
purposes. Some of these species are also used for comparative research (e.g., Bowsher 
et al., 2013) and it is important to have explicit phylogenetic hypotheses for the 
position of all these taxa. In addition to placing new taxa, we reveal that for our sepsid 
dataset, taxon sampling does not help significantly with resolving the topological 
conflicts that had already been highlighted by Su et al. (2008). We identify five 
conflict areas with topological disagreements above the genus level in our current 
study. They include several crucial species used in comparative research on the 
morphology and behavior of Sepsidae. Examples are Perochaeta dikowii (Ang et al., 
2008; Puniamoorthy et al., 2008; Bowsher et al., 2013), Microsepsis armillata, and 
M. eberhardi (Eberhard, 2000, 2001a, c; Eberhard and Pereira, 1996). Given the 
interest in sepsid relationships, the next step will be resolving these conflicts through 











Mitogenomics does not help either.  
Phylogenetic analysis of Sepsidae (Diptera: 




Mitochondrial genomes have been widely used in phylogenetic studies of 
insects. Here we explore mitogenomics as a data source for reconstructing the 
phylogenetic relationships of a model taxon for sexual selection studies in insects, 
Sepsidae (Diptera). This clade is in need for a well-resolved and supported 
phylogenetic analysis for comparative research, but the currently available 
phylogenetic hypotheses include several important nodes that have low support and 
different resolutions depending on tree optimality criterion (ML, BI, MP). Here, we 
present a phylogenetic analysis based on the mitochondrial genomes of 28 sepsid 
species and three outgroups under nucleotide, codon and amino acid models. For ten 
species, we obtained mitochondria from fresh material, extracted the DNA from the 
mitochondria, combined the extracted DNA, before sequencing it on an Illumina 
MiSeq platform. Bioinformatic tools were used to assemble the genomes and 
distinguish the genomes for the species. For the remaining species, the mitochondrial 
genes we extracted from transcriptomes that were sequenced with Illumina HiSeq or 
MiSeq. Both strategies yield sequences for the rDNA and coding genes, but 
unfortunately all phylogenetic analyses of the data only find good support for major 
clades while the poorly supported and contentious “backbone” nodes have low 




3.2 Introduction  
Mitochondrial (mt) genomes have been widely used for understanding the 
phylogenetic relationships and evolution of a wide array of animal taxa with insects 
being particularly well represented (Bernt et al., 2013; Bourlat et al., 2008; Cameron, 
2014; Curole and Kocher, 1999). This is mostly because mt genomes can be 
sequenced rapidly and cheaply compared to transcriptomes, which require specimens 
to be preserved for RNA extraction (Cameron, 2014). In addition, mt genomes are 
fairly small, the protein-encoding genes generally lack introns, and the maternal mode 
of inheritance, high rate of mutation, and simple genomic structure make mt genomes 
suitable for many biological purposes (Tanaka et al., 2013). It is thus not surprising 
that mt genomes are now available for all insect orders and have been extensively 
used at very different systematic levels (Cameron, 2014; Caterino et al., 2000; Ma et 
al., 2012). Many of these analyses have highlighted the value of data of mt genome 
for phylogenetics (Thomas et al., 2013; Trautwein et al., 2012; Cameron et al., 2008; 
Fenn et al., 2008; Hua et al., 2009). Diptera are no exception and mt genomes have 
been used repeatedly. Several analyses were based on mt genome data alone while in 
others the data were combined with nuclear loci and morphological characters 
(Wiegmann et al., 2011). For example, the complete mt DNA sequences have been 
examined in suborder Nematocera (Beckenbach, 2011) and also been shown to 
accurately resolve intraordinal relationships of Diptera (Cameron et al., 2007). The 
combined use of mt and nuclear sequences has been advocated by Caeavas and 
Friedrch (2012), which provided robust clades in Diptera. In contrast, conflicting 
results have been reported when using mt genome and nuclear genes and with the 
different methods of analysis (Dowton et al., 2009; Fenn et al., 2008; Timmermans et 
al., 2010). Here, we test whether mt genomes can help with resolving the 
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phylogenetic relationships of a family-level clade of flies, Sepsidae. We pursue 
different strategies for obtaining mt-genomes and analyze the data both in isolation 
and in combination with data from three nuclear protein-encoding loci (AATS, H3 and 
Ef1a) and ribosomal genes (18S and 28S).  
A range of different techniques can be used to obtain mitochondrial genomes. 
Typical procedures include initial Sanger sequencing of a few genes using universal 
primers (Cameron et al., 2007). The sequences for these genes are then used to design 
new primers for long-range polymerase chain reaction (PCR). Traditionally, “primer 
walking” was then used to obtain the sequences for the long-range PCR products 
(e.g., Cameron et al., 2007), but primer walking can now be replaced with next-
generation sequencing (Timmermans et al., 2010). In order to control cost, long-range 
PCR products for different species are combined and species separation is then either 
achieved through tagging PCR products or via bioinformatics if the species are 
sufficiently distantly related (Timmermans et al., 2010). If the latter strategy is used, 
the genomes are assembled and then identified to species using “bait sequences” of 
known identity. Here we developed another technique to the repertoire of 
mitogenomic sequencing strategies. We first extracted mitochondria from fresh tissue 
in order to obtain a tissue fraction that is enriched for mitochondrial DNA. We then 
extracted DNA from the mitochondrial fraction and sequenced the DNA for 10  
sepsid species directly on one Illumina MiSeq plate. Bioinformatic techniques were 
then used in conjunction with bait sequences for identifying the assembled genomes 
to species. Note that this bioinformatics procedure requires that the selected species 
are sufficiently distinct so that even conserved genes differ between species.  
Sepsidae is a clade of cyclorrhaphan flies with more than 320 described 
species belonging to 37 genera (Ozerov, 2005). Sepsids possess spectacular sexual 
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dimorphisms and elaborate courtship behaviors and as such they are widely used as 
models to study sexual selection, especially for morphological dimorphisms (Ang et 
al., 2013; Puniamoorthy et al., 2010; Tan et al., 2010; Tan et al., 2011), courtship 
behaviors (Puniamoorthy et al., 2012a; Puniamoorthy et al., 2009; Puniamoorthy et 
al., 2012b) and developmental mechanisms underlying dimorphic structures (Bowsher 
et al., 2013). All this comparative research on Sepsidae is dependent on the 
availability of a well-resolved and supported phylogenetic hypothesis. A first 
hypothesis was generated based on morphological characters of larvae and eggs 
(Meier, 1995a, b, 1996). Molecular markers were added in a number of recent studies 
(Laamanen et al., 2005; Su et al., 2008; Zhao et al., 2013), but some problems 
remain. They were first described in Su at al. (2008) who demonstrated that several 
key relationships are poorly supported and in conflict when ten nuclear and 
mitochondrial markers are analyzed using MP, ML, and BI. The subsequent attempt 
at resolving these problems by using a denser taxon sample was not successful and 
instead yielded additional areas of conflict and little support of “basal” relationships. 
This suggested that more sequence information is needed (Zhao et al., 2013). 
Fortunately, the development of Next-Generation Sequencing (NGS) techniques 
makes it possible to sequence a large number of molecular makers efficiently for non-
model organisms such as sepsids. We here use NGS to obtain data for mitochondrial 
markers. We present the first mitogenomic analysis of sepsid relationships based on 
sequences for 31 species including 28 species of Sepsidae and three outgroups. Most 
data were generated using NGS Illumina HiSeq and MiSeq platforms and two datasets 
were generated. One consisted only of NGS mt genome data while the second dataset 
combines the mt genome data with nuclear data for five genes for the 129 taxa 
included in Zhao et al. (2013) and Rohner et al. (2014).   
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3.3 Materials and Methods 
3.3.1 Taxon sampling 
Of the 31 taxa used in the current study (Appendix 2 Supplementary Table 1), 
three were obtained from the 1KITE project (1000 Insect Transcriptome Evolution, 
http://www.1kite.org/) including two outgroups (Calliphora vomitoria and Limnia 
unguicornis) and Meroplius fasciculata. A third outgroup (Drosophila melanogaster) 
was downloaded from GenBank (NCBI Reference Sequence: NC_001709.1). The 28 
sepsids taxa in the study were selected to represent major clades with uncertain 
placements in previously published studies (Zhao et al., 2013). They represent 16 
genera: Allosepsis, Archisepsis, Decachaetophora, Dicranosepsis, Meropliosepsis, 
Meroplius, Microsepsis, Nemopoda, Ortalischema, Orygma, Paratoxopoda, 
Perochaeta, Saltella, Sepsis, Themira and Toxopoda. Details on the tissue samples 
and processing are provided in Appendix 2 Supplementary Table 1. Vouchers for all 
fresh samples were deposited at the Evolutionary Biology Laboratory at the National 
University of Singapore. The used tissues were preserved in RNAlater (Applied 
Biosystems, Austin, TX) or liquid nitrogen until extraction.  
Besides the mitochondrial data of one outgroup (Drosophila melanogaster) 
which was downloaded from GenBank, the data of the remaining 30 taxa involved in 
current study were all generated from fresh material via next-generation sequencing 
through two methods. 
3.3.2 Method 1: mt DNA pool 
3.3.2.1 mt DNA extraction and sequencing 
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We sampled 10 sepsid species with COI pairwise distances greater than 2% in 
order to be able to assemble the different mitochondrial genomes bioinformatically 
instead of having to label the DNA. The 10 species were: Archisepsis armata, 
Allosepsis indica, Dicranosepsis crinite, Meroplius sauteri, Microsepsis armillata, 
Sepsis lateralis, Sepsis latiforceps, Themira biloba, Themira minor and Themira 
nigricornis (Appendix 2 Supplementary Table 1). For these 10 species, mitochondria 
were enriched from whole body tissues using Qproteome Mitochondrial Isolation Kit 
(Qiagen) following the manufacturer's protocol. Mitochondrial DNA was then 
extracted from the isolated mitochondrial tissue samples using DNeasy Blood & 
Tissue Kit (Qiagen). The extracted mtDNA fragments had a length of 1,500−35,000 
bp as determined by using Fragment Analyzer (Advanced Analytical) and the DNA 
for different species was pooled in equimolar amounts. The pooled mitochondrial 
genomes sample was then sent for a single library-prep and sequenced on the Illumina 
MiSeq platform (Illumina, San Diego, CA, USA) with paired-end sequencing 
chemistry (2 ×!150 bp).  
3.3.2.2 Assembly 
Assembly was performed in CLC Genomics Workbench 6.5.1 (CLC bio, 
Aarhus, Denmark) using the following pipeline. Reads were filtered by Quality 
Trimming using the quality score limit at 0.01. To reduce the overall error rate, raw 
reads were cleaned by removing the short reads and those with ambiguous 
nucleotides. De Novo Assembly was then performed on the remaining reads under the 
optimized k-mer length of 40. The contigs with a minimum length of 200 bp were 
retained. Reads were then mapped back to contigs in the slow-contig mapping mode 
(Mismatch cost = 3, Insertion cost = 3, Deletion cost = 3, Length fraction = 1.0, 
Similarity fraction = 1.0). Assembled contigs were then filtered by Average Coverage 
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2 (the average number of times per reference base is represented within a set of 
sequencing reads, also known as sequencing depth), followed by removing 10 bp 
terminal nucleotides from both ends which are often regions of lower Average 
Coverage and poorer sequencing quality. 
3.3.2.3 Gene identification 
Protein and ribosomal RNA regions were annotated by sequence comparison 
with D. melanogaster mitochondrial genome. Local BLASTn searches were 
conducted in CLC Genomics Workbench 6.5.1 with the following parameters: Blast 
word size = 15, Match costs = Match 1, Mismatch −3 and Gap costs = Existence 5, 
extension 2. If necessary, a second round of BLAST searches were carried out with 
the remaining taxa blasted against the results of all contigs from the first round of 
BLAST in an attempt to find additional sequences and/or improve coverage. 
3.3.2.4 Ten species assignment 
In order to identify the mitochondrial genomes for the ten species from the 
mixed mitochondrial DNA pool, sequences for COI, Cytb, and/or 12s rRNA of known 
species identiy were used as baits. For three additional species, we also carried out 
additional PCRs in order to obtain better coverage for certain regions of the genome 
(Meroplius sauteri, Themira minor, Themira nigricornis; Fig. 3.1). The PCR used the 
protocols described in Zhao et al. (2013; see Appendix 2 Supplementary Table 2 for 
additional information on fragments). The bait sequences obtained via Sanger 
sequencing were used to ensure identity to the sequence reads obtained via Illumina 
sequencing by comparing pairwise distances in SpeciesIdentifier (Meier et al., 2006). 
The new mtDNA sequences will be deposited in GenBank (Appendix 2 
Supplementary Table 3).  
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3.3.3 Method 2: mt sequences extracted from transcriptome data 
3.3.3.1 RNA extraction and transcriptome sequencing 
For the remaining 20 species (Appendix 2 Supplementary Table 1), total RNA 
was isolated from whole body tissue using RNeasy Mini Kit (Qiagen), RNeasy Micro 
Kit (Qiagen) or TRIzol (Invitrogen) according to the manufacturer’s protocol 
(Appendix 2 Supplementary Table 1). Illumina paired-end sequencing libraries were 
prepared for each taxon before sequencing on Illunima Genome Analyzer HiSeq 2000 
or MiSeq platforms (Illumina, San Diego, CA, USA) with the read length varying 
from 76, 90 bp (HiSeq) to 150, 250 and 300 bp (MiSeq). 
3.3.3.2 Bioinformatic analysis 
Bioinformatic analyses were performed in CLC Genomics Workbench 6.5.1 
(CLC bio, Aarhus, Denmark). A similar pipeline was used as described under Method 
1except for the method used for de novo assembly. For Method 2 an optimized k-mer 
length was determined for each library in order to obtain maximal coverage with 
fewer assembly breakpoints, followed by the assembled contigs were then filtered by 
the adjusted Average Coverage from 2 to 10  (Appendix 2 Supplementary Table 1). 
The same D. melanogaster mitochondrial genome was used to BLAST out the mt 
sequences from these 20 species, followed by concatenating with the other 10 species 
obtained using Method 1. An even more detailed describtion of he bioinformatics 
analysis is found in Chapter 4. Note that these procedures also recovered rDNA genes 
for those species whose genes were obtained from transcriptomes. This suggests that 
selection of mRNAs via poly-A tails did not completely eliminate rRNA. 
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3.3.4 Data concatenation and phylogenetic analyses 
The annotated mitochondrial genes were aligned in local MAFFT with default 
settings followed by the realignment for protein-encoding genes in Translator X with 
a codon-based version of the Mafft algorithm (Katoh et al., 2005). The aligned 13 
mitochondrial protein-encoding and two rDNA genes were concatenated in 
SequenceMatrix (Dataset 1; Vaidya et al., 2011). In addition, because mitochondrial 
genomes are fast evolving, we also analyzed Dataset 1 once with 3rd codon position 
excluded for the 13 protein coding genes and once with them translated in to Amino 
Acids (AA). In order to identify the effect of including mt DNA in the phylogenetic 
relationships of the Sepsidae, a second dataset was created, Dataset 2, which 
contained all sequences generated through NGS in this study combined with the 
nuclear Sanger PCR sequences for 125 taxa from Zhao et al. (2013), Rohner et al. 
(2014), and three newly added taxa (see Appendix 2 Supplementary Table 3). In order 
to reduce the effect of missing data, different populations for the same species were 
merged as long as the COI pairwise distances were <2%. This rule allowed for the 
accommodation of intraspecific variability (Meier et al., 2005; Meyer and Paulay, 
2005). Dataset 2 consisted of 137 taxa. 
Maximum parsimony (MP) and maximum likelihood (ML) analyses were 
conducted for all datasets using the same parameters as in Zhao et al. (2013) (except 
the MP search level as 100 instead 99). The MP phylogenetic trees were reconstructed 
in TNT with gaps as missing data and new technology searches at level 100, initial 
addseqs = 5 and finding the minimum length 10 times. Bootstrap branch support 
values were computed using 500 replicates with the same settings.  
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The ML analyses were performed in Garli v2.0 (Gutell and Jansen, 2006) in 
CIPRES Science Gateway (Miller et al., 2011). For Dataset 1, six ML analyses were 
performed. i) one partition for whole data set; ii) codon position partitioning under 
nucleotide model; iii) codon position partitioning with 3rd codon position excluded; 
iv) PartitionFinder v1.1.1 (Lanfear et al., 2012; Lanfear et al., 2014) was also used to 
estimate the best partitioning scheme with substitution model selection for each 
partition; v) ML analysis under codon model; vi) ML analysis with protein-coding 
genes translated into amino acid (See Appendix 2 Supplementary material 1 for 
detail).  
In these six analyses, i and ii denote the same partitioning schemes as were 
used in Chapter 2. For i, ii and iii, the best fitting models were identified in 
jModelTest v0.1 (Posada, 2008) by Akaike Information Criterion (AIC). In addition 
to the analyses carried out in chapter, we here also identified an additional partitioning 
scheme by using PartitionFinder (iv). This yielded a partition scheme with 23 
partitions with the best fitting models being mostly GTR+I+G and GTR+G (Appendix 
2 Supplementary material 1). In addition, given the fast evolution of mitochondrial 
genomes, phylogenetic inference at the nucleotide level could be inadequate because 
of saturation and erosion of the evolutionary signal due to multiple substitutions 
(Nabholz et al., 2012). Therefore, ML analysis under codon model (v) was also 
performed in Garli v2.0 in order to attenuate the saturation problem. For this analysis, 
we used the codon model for the 13 protein codon genes partitioned with nucleotide 
model for small and large rRNA (Appendix 2 Supplementary Table 4). A standard 
Goldman and Yang (1994) model was selected (ratematrix = 2 rate). The codon 
frequencies were estimated from nucleotide frequencies observed in the data for each 
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codon position (statefequencies = F3! ×!4). The relative rates of nonsynonymous to 
synonymous substitutions were modeled using a discrete distribution with three 
categories (ratehetmodel = nonsynonymous, numratecats = 3). As for the amino acid 
ML analysis (vi), the available best-fitting model of amino acid substitution selected 
by ProtTest v3.2 (Darriba et al., 2011) was applied in Garli v2.0. 
Two independent analyses with 20,000 consecutive generations were used to 
find optimal trees. If the topologies of the two replicates did not converge additional 
two searches were conducted and the topology with best likelihood score was chosen 
if it was obtained at least twice. Bootstrap values were obtained to assess branch 
support with 250 replicates for each dataset with 10, 000 generations for each run. 
Sum Trees v3.3.1 (Sukumaran and Holder, 2010) was used to map bootstrap support 
values onto the nodes of the optimal tree.   
54 
3.4 Results and Discussion 
3.4.1 Sepsidae mitochondrial genome sequences 
We pursued two different strategies for obtaining new mt genomes of 
Sepsidae. Both strategies yielded a large number of reads that could be assembled into 
nearly complete sequences for most taxa in our study. This was regardless of whether 
Illumina’s HiSeq or MiSeq platforms were used. However, our novel procedure of 
using DNA from the mitochondrial fraction of tissues had the additional advantage of 
yielding t-RNA sequences and very long contigs; i.e., it could also be used to study 
gene re-arrangement while using mt genes from transcriptome data only yielded gene-
specific nucleotide sequence for the rDNA and protein-encoding genes. For the 
pooled mitochondrial gDNA, about 800 million bp of raw data were obtained for 10 
species in a single MiSeq run (150bp x 2). For the remaining 20 species, 
transcriptomes were sequenced on Illumina’s HiSeq and MiSeq, the mitochondrial 
genes were extracted from 1.8−4.5 billion bp of read data for each of the 20 samples. 
Despite combining equal-molar amounts of DNA for the 10 species in the DNA pool, 
only two species have contigs consisting of the complete mitochondrial genome while 
several other genomes are nearly complete (see Fig. 3.1). For the species with 
complete genomes, the gene arrangement was identical to what is known from 
Drosophila melanogaster. Note that overall the contigs were long enough that the bait 
sequences could be used to identify the fragments to species because the bait genes 
belonged to different parts of the mt genome (COI, Cytb, 12S). Given that most genes 
are now available for most of the taxa (Appendix 2 Supplementary Table 3), we can 
now design new sepsid specific primers and use most mt genes for species 









Figure 3.1 Ten species mitochondrial genomes contigs assignment 
3.4.2 Phylogenetic analyses 
Dataset 1 has 13,321 characters while Dataset 2 has 18,415 characters. For 
Dataset 1, MP analyses found one most parsimonious tree (26,436 steps) that is well-
resolved. However, the support values for several backbone nodes were low (Fig. 
3.2a). For Dataset 1 with 3rd codon position excluded, MP analyses obtained one most 
parsimonious tree with 8,486 steps (Fig. 3.2e). As for the MP analysis of AA, three 
most parsimonious trees were retained with 6,538 steps (Fig. 3.2g). For Dataset 2, 
four most parsimonious trees were found with a length of 48,724 steps. Although the 
consensus tree is well resolved, we again observe low clade support for several 
backbone nodes (Fig. 3.3 right; Appendix 2 Supplementary Fig. 2a).  
The ML analyses based on nucleotide models yielded topologies with the 
following Garli scores after final optimizations: i) Dataset 1-one partition: 
−122,120.7424 (Fig. 3.2b), ii) Dataset 1-codon position partition: −116,814.9646 (Fig. 
3.2c), iii) Dataset 1-3rd position excluded: −51,036.8650 (Fig. 3.2h), iv) Dataset 1-
PartitionFinder: −114,178.2432 (Fig. 3.2i), v) Dataset1-codon model: −113,219.3730 
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(Fig. 3.2d), vi) Dataset 1-AA: −45,300.8381 (Fig. 3.2f); Dataset 2-one partition: 
−229,539.6902 (Appendix 2 Supplementary Fig. 2b), Dataset 2-codon position 
partition: −218,683.8346 (Appendix 2 Supplementary Fig. 2c).  
We analyzed Dataset 1 under the codon model which is designed to 
simultaneously use amino acid information as well as the nucleotide information 
contained in the triplet codon. This has the potential advantage of utilizing AA and 
nucleotide sequence information. One may thus expect such codon model to perform 
better (Schneider and Cannarozzi, 2012), but the ML tree based on this model did not 
show significant improvements with regard to clade support. The relationships on the 
ML tree based on Dataset 1 coded as AA was identical to the tree obtained in the 
analysis under the codon model (Figs. 3.2f and d). Supports were also similar. Similar 
phylogenetic hypotheses were also obtained in all ML analyses utilizing different 
partitioning schemes (codon paritioning, 3rd codon position excluded,PartitionFinder 




Figure 3.2 Phylogenetic trees revealed by using Dataset 1 in current study based on mitochondrial 
genome data. a): MP analysis; b): ML analysis with one partition for entire dataset; c): ML analysis 
with codon position partition; d) ML analysis with codon model; e) MP analysis of amino acid and 
rRNA data; f) ML analysis of amino acid and rRNA data; g) MP analysis without 3rd position; h) ML 






























































Figure 3.3 Topological difference between ML (left; with topology revealed by Codon Position 
partitioned analysis, and support value above the branch from Codon Position partition analysis 
whereas value below branch represent the one partition support value) and MP (right) hypothesis. (“*”: 
nodes with 100% support; "/": topological conflicts; Dark Green topology: congruent part between 
Dataset 1 and 2; Color at the nodes represent the support value: 100−81 (Green). 80−51(Orange) and 
<=50 (Yellow)) 
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3.4.3 Summary of relationships 
The overall relationships implied by most nodes on the phylogenetic trees are 
similar across all analyses (Figs 3.2, 3.3 and Appendix 2 Supplementary Fig. 2). 
Sepsidae is monophyletic with Orygma + Ortalischema being sister groups to all the 
remaining sepsids. The “Neotropical sepsid” and “Higher sepsid” clades are 
consistently well-supported and the relationships within the clades are identical on all 
trees. Decachaetophora and Paratoxopoda are always sister groups as are Nemopoda 
and Themira, but only the latter relationship has strong support. Most conflict among 
the trees obtained in the different analyses concerns supra-generic relationships 
(Appendix 2 Supplementary Fig. 1). Within ML analyses, there are conflicts 
regarding the position of five genera: Toxopoda, Decachaetophora, Paratoxopoda, 
Perochaeta and Meroplius. Not surprisingly, the positions of these genera are also in 
conflict between ML and MP topologies. The most important conflicts are: 
First, in all ML analyses in current study, Nemopoda + Themira is sister group 
to all higher sepsids (all sepsids except for Orygma + Ortalishema) while this position 
is occupied by Meroplius, Toxopoda and (Perochaeta (Decachaetopora + 
Paratoxopoda)) in the MP analysis. Second, the position of Saltella and Toxopoda is 
relatively “basal” in all ML analyses and the MP analysis of Dataset 2 whereas the 
MP analysis of Dataset 1 yields a more derived position. Note that the node support 
for these topologies are quite low. Third, the position of Meroplius, Perochaeta, 
Decachaetopora and Paratoxopoda differs between MP and ML, but also within the 
ML analyses.  
Overall, there is less conflict for the species-level relationships within genera, 
but this does not apply for Themira where all ML analyses of Dataset 1 agree on (T. 
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minor (T. superba + T. nigricornis)) whereas MP supports (T. superba (T. minor + T. 
nigricornis)). In contrast, analyses of Dataset 2 suggest that T. nigricornis is sister 
group to the remaining species. Within Meroplius there is similar conflict with only 
the single partition ML analysis of Dataset 1 yielding (M. fasciculata (M. sauteri + M. 
alberquerquei)) while all other trees support (M. sauteri (M. fasciculata + M. 
alberquerquei)).  
3.4.4 Can mitogenomic data resolve sepsid phylogeny with 
confidence? 
Overall, the addition of 31 new mt genomes did not help resolving deep sepsid 
relationships with support. Clades that were difficult to place based on Sanger 
sequencing data are still found to be unstable depending on the type of data analysis 
(ML vs. MP) and partitioning strategies. Although mitochondrial sequences have been 
applied successfully for resolving a diverse array of recent and deep relationships 
(Janke et al., 1994, Pacheco et al., 2011, Boore and Staton., 2002), there are 
obviously limitations to their usage in other taxa. This may be because of the factors 
such as the fast evolution of mitochondrial sequences due to high substitution rates, 
rate heterogeneity between closely related lineages, and base composition biases 
(Stoger and Schrodl, 2013). These are systematic drawbacks that can negatively affect 
phylogenetic analyses using mitochondrial sequences, particularly at a nucleotide 
level. These and some additional problem have led some systematists to even 
challenge the use of mitochondrial data in phylogenetic analyses (Bae et al., 2004; 
Cameron et al., 2006; Feyereisen, 2006; Friedrich and Muqim, 2003; Podsiadlowski 
et al., 2007; Simon and Hadrys, 2013).  
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One potential solution would be denser taxon sampling. For Dataset 1 we 
sampled 28 sepsid species which represents almost half of all described genera in 
Sepsidae. However, we lack mt genomes for important instable genera such as 
Parapalaeosepsis, Susanomira and Zuskamira. In addition, the overall species 
coverage is still poor. Better taxon sampling may help, but it is far from a safe 
strategy because we recently also added 50 taxa to a Sanger sequence dataset without 
observing significant improvements to backbone support (Zhao et al., 2013). The data 
from this previous study were here concatenated with our new mitogenomic data. 
However, the relationships of trees obtained with this 137-taxon “Dataset 2” are even 
more in conflict between ML and MP than what was observed for Sanger sequencing 
data alone. For example, Zhao et al. (2013) identified several conflict areas on the 
tree. Based on the new data, we find four alternate topologies for Conflict Area 1 and 
seven for Conflict Area 2 (Appendix 2 Supplementary Fig. 1) while other conflict 
areas could not be evaluated because we lack of mt genomes for critical genera. 
Fortunately, mt genomes are available for key taxa in the two most serious conflict 
areas that were already identified in Su et al. (2008) and Zhao et al. (2014). First, this 
is the relationships between Saltella, Nemopoda and Themira. Here, we obtain four 
alternate topologies of which only two were found in Zhao et al. (2013; see Appendix 
2 Supplementary Fig. 1; Conflict Area 1). Second, conflict exists for the relationships 
of the “middle part” of the tree consisting of Neotropical sepsids, Meroplius, 
Toxopoda, Decachaetophora, Paratoxopoda, Perochaeta and the Higher sepsids. Our 
new results are even more complex than what was found in Zhao et al., (2013). Five 
topologies were obtained in the current study and only two are identical to what was 
found in previous analyses (Appendix 2 Supplementary Fig. 1 Conflict Area 2). One 
could argue that this new conflict may be due to missing data for the taxa without mt 
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genomes (Brinkmann et al., 2005). However, when we trace the relationships 
obtained with Dataset 1 on the relationships obtained with Dataset 2, many 
relationships are compatible. This suggests that missing data is not fully responsible 
for conflict and low support. It is also important to note that the conflict is observed 




Here we present the first mitogenomic study of Sepsidae which includes data 
for 28 species and three outgroups. Our results show that the mitochondrial genomes 
of Sepsidae have an identical gene arrangement to that of D. melanogaster and that 
the AA sequence for the protein-encoding genes as well as the nucleotide sequences 
for the small and large ribosomal subunit genes are very similar to the model species. 
Phylogenetic analyses of the mt genomes only and a combined dataset find that those 
clades that were already supported resolved based on Sanger sequencing data are also 
supported by mt genome data. However, mt genomes help little with resolving the 
major conflict areas that have plagued all phylogenetic work on Sepsidae based on 
nucleotide data. This unsatisfactory outcome demonstrates that increased character 









CHAPTER 4  
________ 
A proposed resolution for the backbone problem in 
insect phylogenetics?  
Analysis of a combined dataset composed of 
transcriptomic and Sanger sequencing data for 
Sepsidae (Diptera: Cyclorrhapha) yields a species-




Resolving and supporting the nodes of the so-called “backbone” of phylogenetic 
trees are often very difficult. Lack of support and topological conflict in analyses 
using different tree optimality criteria are very common. These problems are also 
noticeable on the current phylogenetic hypotheses for Sepsidae (Diptera: 
Cyclorrhapha). Sepsids are widely used in comparative, sexual selection studies so 
that the lack of a well-supported phylogenetic tree is problematic. Attempts at 
resolving the backbone through better taxon sampling (Chapter 2) and mitogenomics 
(Chapter 3) were only partially successful. Here, I explored the use of transcriptomic 
data that were obtained via next-generation sequencing (NGS). I generated 17 sepsid 
transcriptomes and analyze 120 Gb of sequence data for 18 sepsids and three 
outgroup species. Using a complex bioinformatics pipeline, I generated a dataset 
composed of 1,017 putatively single-copy, orthologous genes that yield a 
concatenated character matrix with ca. ~1.3 million characters. This matrix and one 
sub-matrix comprising 603 genes are analyzed using ML and MP (nucleotide and 
amino acid translation). I then combined these new data with my Sanger sequencing 
data from Chapter 2 and the mitogenomic data from Chapter 3. Overall, I obtained 
well-supported, species rich trees for which the conflicts for two backbone nodes are 
resolved with the same topology being supported by MP and ML. However, the 
position of Themira+Nempoda remains contentious with MP and ML analyses 
supporting conflicting but strongly supported topologies. Combining the NGS data 
with Sanger sequencing data overall yields a species-rich Tree-of-Life for Sepsidae 




Studies in molecular phylogenetics frequently face the problem of weak 
branch support for higher-level relationships (“backbone nodes”). Such relationships 
are evolutionarily old and often particularly difficult to resolve. This issue is 
particularly common in phylogenetic reconstructions of major insect clades that often 
undergo rapid radiations due to a variety of biological and historical factors (Caterino 
et al., 2000; Whitfield and Kjer, 2008). Backbone problems usually manifest 
themselves through low branch support and conflict if the same data are subjected to 
different analyses, or when different data are used for the same taxa (Lo et al., 2000; 
Wiegmann et al., 2009; Trautwein et al., 2012b). Given that phylogenetic trees are 
widely used in evolutionary biology, finding a solution to the “backbone” problem is 
thus important and has attracted the attention by many systematists. Various strategies 
for addressing this problem have been proposed. One is breaking up long branches 
through improved taxon sampling. A denser taxon sample has occasionally been 
successful at resolving backbone problems (Thomas et al., 2013; Dunn et al., 2008; 
Regier et al., 2008; Regier et al., 2010), but it is far from being a safe solution 
because additional taxa can also lead to a decrease in accuracy due to long-branch 
attraction (von Reumont et al., 2009). Another potential solution to the backbone 
problem is adding more characters that are obtained from orthologous genes. Again, 
some studies have shown that increased gene sampling strengthened support for 
higher-level phylogenetic relationships in insects (Kawahara et al., 2011; Rokas and 
Carroll, 2005; Zwick et al., 2011; Kawahara et al., 2011; Regier et al., 2009; Sohn et 
al., 2013). However, it has also been argued in a number of studies that increased 
gene sampling can actually increase the probability of systematic errors, for example, 
if the data are biased (Hughes et al., 2006; Gruber et al., 2007; Lockhart et al., 1992; 
69 
Regier and Zwick, 2011; Song et al., 2010) as is the case for long branch attraction 
(Felsenstein, 1985) and repulsion (Siddall, 1998).  
The ability to sample additional characters has dramatically improved due to 
the emergence of cost-effective, next-generation sequencing technologies (NGS; e.g. 
the Illumina technology, 454 sequencing) over the past decade (Mardis, 2013; 
Metzker, 2009; Morozova et al., 2009; Pereek et al., 2011; Shendure and Ji, 2008; van 
Dijk et al., 2014). NGS has the advantage of producing an enormous amount of data 
that sample the entire genomes for model or non-model species alike. It enables 
researchers to quickly generate a large amount of molecular data that are potentially 
useful for resolving difficult phylogenetic relationships. The availability of large 
amounts of sequence data from high-throughput sequencing first boosted research on 
insect model species (Regier et al., 2013; Savard et al., 2006; Zdobnov and Bork, 
2007), but the same data are now also becoming available for non-model species. 
Although the use of genomic data for inferring phylogenies of species is regarded as a 
powerful approach, it does come with new challenges. Large amounts of data have to 
be scrutinized for sets of orthologous sequences. One way to avoid paralogous genes 
is to only use putatively, single-copy genes.  
In principle, combining improved taxon sampling with broad sampling of 
single-copy orthologous genes obtained through NGS holds great promise in 
overcoming the challenges of low support and poor resolution for deep nodes in the 
insect Tree-of-Life (Cameron et al., 2006; Mutanen et al., 2010). However, due to 
finite resources for generating and analyzing large datamatrices, few studies have 
used this strategy in practice. In particular, the bioinformatic challenges of assembling 
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short reads into contigs and finding homologous contigs across distantly related 
species have prevented the widespread use of transcriptomics (Delsu et al., 2005). 
A good example for a backbone challenge is the unresolved, “basal” 
phylogenetic relationships within Sepsidae (Diptera: Cyclorrhapha). Sepsidae consists 
of ca. 320 described species (Ozerov, 2005). Because they can be cultured under 
laboratory conditions and they have spectacular sexual dimorphisms, Sepsidae is a 
model system for investigating sexual selection (Ozerov, 2005; Pont and Meier, 
2002). Many comparative studies that focused on the complex courtship behaviors of 
Sepsidae, copulation position, copulation duration, female choice, and sexual conflict 
(Eberhard and Huber, 1998; Eberhard and Pereira, 1996; Eberhard, 1999, 2000; 
Eberhard, 2001b; Martin and Hosken, 2004; Puniamoorthy et al., 2012a; Tan et al., 
2011) have been carried out. Others studied the remarkable sexual dimorphisms, such 
as the strongly modified male forelegs and moveable abdominal appendages derived 
from the fourth abdominal sternites in the males of some species (Ang et al., 2008; 
Ang et al., 2013; Bowsher et al., 2013; Bowsher and Nijhout, 2007, 2009; Eberhard, 
2001a; Ingram et al., 2008; Pont and Meier, 2002; Puniamoorthy et al., 2009; 
Puniamoorthy et al., 2010; Puniamoorthy et al., 2012b; Puniamoorthy et al., 2008; 
Tan et al., 2010; Wagner and Muller, 2002). All these studies require the availability 
of a reliable and species-rich Tree-of-Life for Sepsidae, but some relationships have 
been elusive and comparative studies currently have to analyze data on multiple, 
competing topologies.  
The large amount of comparative research is why a well-supported and -
resolved phylogenetic reconstruction for Sepsidae is increasingly needed for 
interpreting the results of behavioral, morphological,and developmental studies. 
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Despite several attempts at reconstructing the phylogenetic relationship within 
Sepsidae, several backbone nodes remain contentious. The phylogenetic work started 
more than 20 years ago with the evaluation of morphological characters of larval, egg, 
and adult, respectively, which yielded an overall well-supported phylogeny for 52 
species (Meier, 1995a, b, 1996). Later attempts at refining the results with five 
molecular phylogenetic markers for Themira species generated incongruent results 
with conflict regarding the placement of many genera including Nemopoda, Themira, 
Orygma, and Ortalischema (Laamanen et al., 2005; Su et al., 2008). Although the 
phylogenetic trees obtained were overall well resolved, the support for a few key 
backbone clades remained weak and topological conflicts existed between the trees 
obtained with different analytical methods. In order to resolve these problems, a 
recent study by Zhao et al. (2013) presented a phylogenetic hypothesis for Sepsidae 
with an improved taxon sampling covering ca. 30% of total diversity of Sepsidae (105 
sepsid taxa representing 24 genera in total). However, the denser taxon sample had 
little effect on resolving the previously identified topological conflicts.  
The most recent attempt to resolve the sepsid phylogeny used mitochondrial 
genomes for 28 sepsid species and three outgroups. With 13,321 bp of mitochondrial 
data, I demonstrated in Chapter 3 that most nodes were again well-supported and 
consistent across all analytical methods. However, several, major backbone areas with 
conflict remained. Given the interest in sepsid relationships, I here pursued a 
phylogenomic approach using transcriptome data. Although the availability of insect 
genomic and/or transcriptomic data has increased in recent years, published NGS data 
are currently only available for one sepsid, Themira biloba (Melicher et al., 2014), 
and no phylogenomic analysis has been carried. 
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To fill this gap and further examine the effect of improved gene sampling on 
backbone support, I here conducted the first phylogenomic analyses for Sepsidae 
based on transcriptome data for 18 sepsid taxa and three outgroups. I extracted data 
for 1,017 nuclear, protein-coding genes and analyze these in different ways in order to 
identify the signal in the data and to reconstruct the phylogenetic tree for Sepsidae. I 
also explored the signal in a subset of genes with little missing data in order to 
determine whether such data have a spurious effect on the results of the analysis. 
Lastly, I combined my phylogenomic data with the data from Sanger Sequencing and 






4.3.1 Taxon Sampling 
The present study is based on 21 transcriptomes for three outgroup species and 
18 taxa of sepsids covering 16 species (Appendix 2 Supplementary Table 1). The 
sepsid taxa were selected to represent 16 major genera that fall into the areas of the 
sepsid tree with backbone problems: Allosepsis, Archisepsis, Decachaetophora, 
Dicranosepsis, Meropliosepsis, Meroplius, Microsepsis, Nemopoda, Ortalischema, 
Orygma, Paratoxopoda, Perochaeta, Saltella, Sepsis, Themira, and Toxopoda. (Su et 
al., 2008; Zhao et al., 2013). Three of the 21 transcriptomes were obtained from the 
1KITE project (1000 Insect Transcriptome Evolution, http://www.1kite.org/), 
including two outgroups (Calliphora vomitoria and Limnia unguicornis) and one 
sepsid species (Meroplius fasciculata). Genetic data of the third outgroup (Drosophila 
melanogaster) were obtained from Flybase (flybase.org, see following method for 
details). Vouchers for all species sampled here were deposited at the Evolutionary 
Biology Laboratory at the National University of Singapore. All specimens were 
either freshly preserved in RNAlater® (Applied Biosystems, Austin, TX) 
or liquid nitrogen before RNA extraction. 
4.3.2 RNA Extraction, Transcriptome Sequencing and Assembly 
Total RNA was isolated from whole body tissue of flies using RNeasy Mini 
Kit (Qiagen), RNeasy Micro Kit (Qiagen) or TRIzol® (Invitrogen) and processed 
according to manufacturer’s protocol (Appendix 2 Supplementary Table 1). RNA 
extraction was followed by complementary deoxyribonucleic acid (cDNA) library 
construction and normalization using Illumina TruSeq RNA Sample Prep Kit v2, 
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following the standard protocol (Illumina). All samples were sequenced on Illunima 
Genome Analyzer HiSeq 2000 or MiSeq platforms (Illumina, San Diego, CA, USA). 
The assembly was conducted using CLC Genomics Workbench 6.5.1 (CLC bio, 
Aarhus, Denmark). QC (Quality Control) reports were generated for each 
transcriptome data. All reads were trimmed based on a minimum quality score of 
0.01. Short reads and ambiguous nucleotides were discarded. The remaining reads 
were then assembled with the de novo assembly as described in Chapter 3 using 
optimized k-mer for each sample. Here, reads weremapped back to contigs in the 
slow-contig mapping mode (Mismatch cost = 3, Insertion cost = 3, Deletion cost = 3, 
Length fraction = 1.0 and Similarity fraction = 1.0). Resulting contigs were then 
filtered by the criteria of length (>200 bp) and average coverage. Ends trimming to 
remove 10 bp from each terminal for all contigs were carried out. The remaining 
contigs for each sample were then utilized for subsequent analyses. 
4.3.3 Orthology Assignment 
In order to identify putative orthologs in our assembled transcriptome contigs, 
we searched OrthoDB (http://orthodb.org/orthodb7; Waterhouse et al., 2011) for 
single-copy orthologs across shared between Glossina and Drosophila in the 
database. This initial search recovered 4,838 potential orthologous protein-coding 
genes. Drosophila melanogaster was selected as one of the outgroups; amino acid 
sequences of those 4,838 single-copy genes from this species were extracted from the 
database and became the BLAST reference for sepsid contigs. In order to efficiently 
retrieve genes from Sepsidae, one of the 18 sepsid transcriptome contigs 
(Meropliosepsis sexsetosa) was selected as ‘bait’ because it was positioned “in the 
middle” of the sepsid phylogeny and had relatively good data coverage. tBLASTx 
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was then conducted in CLC Genomics Workbench 6.5.1 using the M. sexsetosa 
transcriptome contigs against the 4,838 amino acid orthologs sequences of D. 
melanogaster with a stringent word size of 7 and Protein Matrix and Gap Costs of 
BLOSUM62 Existence = 11 and Extension = 1, followed by a filter of the blast result 
for both E-value <1E-50 and greatest hit length >30 bp. Secondly, the filtered 
tBLASTx results of M. sexsetosa were used as ‘baits’ to query against the other sepsid 
transcriptome contigs (BLASTn in CLC Genomics Workbench 6.5.1; word size = 11; 
Match costs = Match 1, Mismatch −3; Gap costs = Existence 5, Extension 2). The 
BLASTn results were then filtered using an E-value <1E-20 and greatest hit 
length >100 bp. Thirdly, the CDS sequences of each orthologous loci of D. 
melanogaster ware obtained from Flybase (flybase.org) and added to the BLASTn 
results according to the result of tBLASTx. Alignments were then conducted to each 
gene in local MAFFT with default settings followed by manual checking and 
trimming in MEGA 5 (Katoh et al., 2005; Tamura et al., 2011). If necessary, a second 
round of BLASTn was conducted. The bait was now all sepsid species that already 
had coverage for a given, single-copy gene.  
The homologous sequences thus obtained for each protein encoding gene were 
then aligned according to the translated frame with a local version of TranslatorX 
under MAFFT (Abascal et al., 2010). In a few cases, 1−2 bp of ‘N’ were manually 
inserted if a sequence was overall homologous but lacked sequence, presumably due 
to sequencing error (Mardis, 2013). The described procedures occasionally yielded 
multiple contigs for putatively homologous sequences of the same species (e.g., due 
to lack of overlap). These sequences were then merged; if more than one contig from 
the same species had overlapping coverage, the one with the higher average coverage 
was kept. All contigs were checked for a stop codon at the tail of each sequence and 
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replaced with a question mark. Finally, in order to find extremely fast evolving 
sequences that could be potentially misleading, I used SequenceMatrix v1.7.8 (Vaidya 
et al., 2011) to examine uncorrected pairwise distances among all the sepsids for each 
gene. Sequences were removed if the largest pairwise distance between of a sequence 
from a particular species and sequences from any of the other sepsid species for the 
same loci was more than 20% (Meier et al., 2005; Meyer and Paulay, 2005). The 
















Figure 4.1. Flow chart of data mining process in current study 
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4.3.4 Phylogenomic Analyses 
Nucleotide and amino acid data for all 1,017 single copy genes were 
concatenated using SequenceMatrix v1.7.8 (Vaidya et al., 2011), creating 
concatenated 1017Nuc and 1017AA datasets respectively for phylogenomic analyses. 
Given that the accuracy of tree reconstruction might be negatively affected by missing 
data, we subsampled the full matrix using the following criteria. We generated a 
“decisive” dataset which consisted of 603 genes, that had data for at least 18 taxa 
(=85.7%) or that had data for the species with the weakest transcriptome 
(Ortalischema albitarse). Note that the vast majority of genes (560 genes) were kept 
due to the application of the first criterion. This data set is designated 603Nuc and 
603AA. Lastly, the transcriptome datasets were combined with all currently available 
sequence data (PCR data from Sanger sequencing and and mitogenomic data) to 
create a species-rich dataset (603++Nuc, 603++AA, 1017++Nuc, 1017++AA). In 
order to limit the effect of missing data, the results discussed below will focus on the 
analysis of the 603++Nuc and 603++AA datasets.  
Phylogenomic analyses were conducted for all the datasets under both 
maximum likelihood (ML) and maximum parsimony (MP). ML analyses were run on 
RAxML-HPC2 on XSEDE v8.0.24 on CIPRES Science Gateway (Miller et al., 2010; 
Stamatakis et al., 2008). 1000 rapid bootstrap replicates were involved for 
transcriptome datasets (or adapted 100 replicates for combined datasets due to 
computational limitations). 20 separate ML optimization searches were conducted 
with the GAMMA based model for Nucleicotide. Amino Acid datasets were also 
analysed with GAMMA based model. Optimization of individual per site substitution 
rates was conducted with the classification of those individual rates into specified 25 
rate categories. Subsequently, the bootstrap values were mapped on the final best ML 
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tree using SumTree v3.3.1 (Sukumaran and Holder, 2010). In addition, MP analyses 
were carried out with TNT v1.0 (Goloboff et al., 2008) with gaps treated as missing 
data. The optimal tree was generated with New Technology search at initial level 50, 
finding minimum length twice, and a strict consensus tree was generated. Branch 
support was estimated based on 250 replicates (or 100 replicates for 1017++ datasets) 
with 36% character removal (absolute frequencies; default settings of traditional 
search). In order to overcome computing limitation of TNT, the MP analyses for all 
amino acid datasets were conducted after removing all constant positions with PAUP 






4.4.1 Transcriptome overview 
Of the 18 sepsid transcriptomes generated in this study, 17 samples were 
obtained from multiple individuals reared or collected by the Evolutionary Biology 
Laboratory at the National University of Singapore. Transcriptome sequencing quality 
was positively correlated with the amount and freshness of the tissue samples, e.g. the 
extraction from a few pupae of Ortalischema albitarse yielded the smallest 
transcriptome coverage. Because of the availability of the samples at different times 
and in different numbers, I obtained 27.3 to 37.6 million raw reads with average 
lengths of 76 to 90 bp when the transcriptomes were generated with a Illumina Hiseq 
2000 platform, whereas 8.8 to 15.4 million raw reads with average lengths of 250 to 
300 bp were obtained when an Illumina MiSeq platform was used (Appendix 2 
Supplementary Table 1). After quality trimming and cleaning, the reads that had 
passed QC were assembled de novo using CLC Genomics Workbench 6.5.1. On 
average, 17,600 high-quality contigs were obtained for each species. The average 
length was ca. 1,000 bp; i.e., on average I had contigs with a combined length of 17 
million bp per species. The exception was O. albitarse which only had 10,000 
yielding a combined 4.2 million bp.  
OrthoDB (Waterhouse et al., 2011) identified 4,838 putatively, single-copy 
genes that are shared between Glossina and Drosophila. When the transcriptome for 
M. sexsetosa was blasted with tBLASTx against these genes, I obtained 4335 best hits 
for M. sexsetosa based on sequence comparisons against the amino acid sequence of 
D. melanogaster. Two subsequent rounds of BLASTn of all the transcriptome contigs 
against the ‘baits’ of M. sexsetosa identified 1,017 single-copy genes with relatively 
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high-coverage for the 21 species. The detailed information of all genes and species 
coverage in this current study is summarized in Appendix 3 Supplementary Table 2. 
Most genes were translatable and only an average of 2.5% for each species required 
the manual addition of 1−2 ‘N’s to complete coding frames (Appendix 3 
Supplementary Table 3). I excluded 168 sequences after conducting the uncorrected 
pairwise distance checks (>20% higher distance than all other distances within 
Sepsidae). Most of these sequences pertained to Orygma and Saltella, two putatively 
basal sepsids (Appendix 3 Supplementary Table 4). The final concatenated 
transcriptome dataset “1017Nuc” consistted of 1,270,305 nucleotide sites; 
correspondingly, the “1017AA” dataset has 423,435 amino acid positions. The subset 
of 603 loci with less missing data has nearly half the number of characters (669,399 
bp for “603Nuc” dataset and 223,133 AA positions for “603AA”; Appendix 3 
Supplementary Table 1). 
4.4.2 Phylogenomic Analyses 
I analyzed the full dataset with 1,017 genes using different optimality criteria 
(MP, ML) and information levels (nucleotide, AA sequence). The results are complex 
and have been summarized in Appendix 3 Supplementary Table 1 and all trees from 
this study are shown in Appendix 3 Supplementary Figs. 1-8. In order to illustrate 
differences, I projected the trees obtained with ML onto the trees obtained with MP. 
Fortunately, a similar approach was not needed for comparing the full dataset (1,017 
genes) with the high-coverage dataset (603 genes) because they are overall congruent. 
Topological differences are described in the manuscript text. 
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4.4.2.1 Full transcriptome-only dataset (1,017 genes) vs. high-coverage dataset (603 











Figure 4.2. Topological differences between the MP (Left) and ML (Right) for 1017Nuc Datase 
(Support value above the branch: 1017Nuc Dataset; below the branch: 603Nuc Dataset. Congruent 
relationships were between MP and ML are in green; topological difference between datasets 










Figure 4.3. Topological differences between the MP (Left) and ML (Right) for 1017AA Datase 
(Support value above the branch: 1017AA Dataset; below the branch: 603AA Dataset. Congruent 
relationships were between MP and ML are in green; topological difference between datasets 
represented by "-") 
82 
 (i) MP analyses 1017Nuc vs. 603Nuc (Fig. 4.2 left; Appendix 3 Supplementary 
Figs. 1b & 2b): 
MP analyses recovered one best tree of 2,154,105 steps for the 1017Nuc 
dataset and one best tree of 1,255,424 steps for the 603Nuc dataset. The topologies 
from the two datasets are mostly congruent with high jackknife supports (>89 in the 
603 dataset, >99 in the 1,017 dataset) for all nodes. There was one area of conflict; 
i.e., the position of Meropliosepsis sexsetosa. In the 1017Nuc dataset, M. sexsetosa is 
sister group to Microsepsis and Archisepsis but in the 603Nuc dataset, M. sexsetosa is 
sister group to Archisepsis with strong support in both cases. 
(ii) MP analyses 1017AA vs. 603AA (Fig. 4.3 left; Appendix 3 Supplementary 
Figs. 5b & 6b): 
The amino acid analyses recovered highly congruent topologies for the two 
datasets. The analysis of “1017AA” recovered one best tree with a length of 439,474 
steps while the analyses of the “603AA” dataset recovered one best tree with a length 
of 236,559 steps. There is only one area of conflict between these trees and it involves 
the position of Paratoxopoda similis. In the 1017AA analysis, P. similis is sister 
group to Meroplius while the former is sistergroup to the Neotropical sepsids 
(Archisepsis, Meropliosepsis and Microsepsis) in the analysis of the 603AA dataset. 
Note that these relationships have low support in the jackknife analyses. 
(iii) ML analyses 1017Nuc vs. 603Nuc (Fig. 4.2 right; Appendix 3 Supplementary 
Figs. 1a & 2a): 
For the analyses based on nucleotide data, the max likelihood score for the 
1017Nuc dataset was −9,959,106.398 and −5,712,453.697 for the 603Nuc dataset. 
ML analyses recovered identical topologies for 1017Nuc vs. 603Nuc datasets with 
similar support based on 1,000 bootstrap replicates. All major nodes have full support 
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(100%) except for those for Saltella + Toxopoda, which were barely supported in both 
analyses.  
(iv) ML analyses 1017AA vs. 603AA (Fig. 4.3 right; Appendix 3 Supplementary 
Figs. 5a & 6a): 
As for the analyses based on amino acid translations, ML analyses recovered 
the best tree for 1017AA dataset with max likelihood scores as −3,600,225.088 and 
−1,941,588.055for the 603AA dataset. The topologies obtained from the two datasets 
are very congruent regarding the placements of most taxa and almost all nodes are 
supported with a bootstrap support of 100 for almost all nodes. Like in the MP 
analyses, there is one conflict area within the Neotropical sepsids on whether 
Archisepsis (1017AA) or Microsepsis (603AA) are sister group to M. sexsetosa. 
4.4.2.2 AA dataset vs. nucleotide datasets 
The AA and nucleotide trees are overall congruent with four exceptions (Fig. 
4.4).  
(1) The position of Orygma as sister group to all sepsids is strongly supported 
in the nucleotide MP analysis as compared to a sister group relationship between 
Orygma + Ortalischema in all AA analyses and all nucleotide ML analyses.  
(2) The position of Themira + Nemopoda is affected by tree optimality 
criterion and the use of the original nucleotide vs the translated amino acid sequence. 
The conflicting positions are all very strongly supported: Themira + Nemopoda is 
either sister group to the remaining sepsids including Saltella and Toxopoda as seen in 
all ML analyses of AA and nucleotide datasets, or sister group to the remaining 
sepsids except for Orygma, Ortalischema, Saltella, and Toxopoda in the MP analyses 
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of nucleotide datasets. Yet another position is strongly supported in the MP analysis 
of AA data.  
(3) In all the nucleotide analyses, Meroplius is strongly supported as sister 
group of the Neotropical sepsids whereas in the AA analyses, Meroplius is either 
sister group to Paratoxopoda (603AA ML & 1017AA All) or all remaining sepsids 
with support <50 (603AA MP; jackknife tree unresolved).  
(4) The relationships within the three Neotropical genera are unstable and all 
three topologies are found in the current analyses. All AA analyses support 
(Archisepsis, (Meropliosepsis, Microsepsis)) except for the 1017AA ML analysis 
which is congruent with the topology of most nucleotide analyses [(Microsepsis, 
(Meropliosepsis, Archisepsis))]. Only the MP analysis of 1017Nuc strongly supports 


















































































Figure 4.5.Topological different between MP(Left) and ML (Right) analyses based on 603++Nuc 
dataset (* =100% support; green branches: congruent topology in both analyses )  
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4.4.2.3 Combined supermatrix dataset (PCR + mitogenomes + transcriptomes) vs. 
transcriptome only dataset (Fig. 4.5; Appendix 3 Supplementary Figs. 3, 4, 7 & 8) 
The MP analysis of the 603++Nuc dataset recovered four trees with a length 
of 1,304,357 steps, while the analysis of the 603++AA dataset recovered 18 trees with 
a length of 248,410 steps. The scores of the ML analyses of the 603++Nuc dataset 
was −5,960,971.771 and for the 603++AA dataset −2,026,502.844. MP analysis for 
1017++Nuc obtained six best trees with a length of 2,202,394 steps and 17 trees for 
1017++AA with a length of 451,323 steps. The max likelihood scores for 1017++Nuc 
was −10,208,716.634 whereas the analysis of the 1017++AA dataset with the data 
partitioning needed so much computational power that it did not finish even on the 
CIPRES and Imperial College computer clusters.  
I compared the results at the genus level between the combined supermatrix 
datasets and the transcriptome-only datasets (Figs. 4.6 & 4.7). The topologies are 
congruent as long as the same analysis method (603++Nuc MP vs. 603Nuc MP, 
603++Nuc ML vs. 603Nuc ML) and data translation is used (e.g., 603++AA ML is 
congruent with 603AA ML). The support values are also similar. The only exception 
is the MP analyses of 603++AA and 603AA where different positions of P. similis 
were supported, albeit with low jackknife values.  
The relationships of many species-rich genera and clades that only have 
Sanger sequencing or mitogenomic data are congruent across all analyses. This 
includes Saltella, Toxopoda, Microsepsis, Allosepsis and the African clade. The 
relationships for other genera are stable within the AA analyses although MP analyses 
of these data tend to be poorly resolved. Examples include Meroplius, Archisepsis, 
Perochaeta and Dicranosepsis. In addition, the topology within Paratoxopoda is 
identical for the nucleotide analyses with strong support, whereas the AA analyses 
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suggest conflicting results, albeit with low support. Only the species-level 










Figure 4.6 Genus level topological difference between MP (Left) and ML (Right) for 603++Nuc 











Figure 4.7 Genus level topological difference between MP (Left) and ML (Right) for 603++AA 
Dataset (Congruent branches are in green colour) 
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4.4.3 Summary of relationships 
All analyses supported the monophyly of Sepsidae, Meroplius, and Sepsis. 
Several clades that were consistently supported in all previous analyses are still very 
stable with high support across different analyses. This includes Nemopoda + 
Themira, the Neotropical sepsids (Archisepsis + Meropliosepsis + Microsepsis) and 
the “Higher sepsids” clade (Sepsis + Dicranosepsis + Allosepsis).  
Zhao et al. (2013; Chapter 2) had identified five areas of topological 




Figure 4.8 Comparisons between current study and Zhao et al. (2013) on the five previously identified 









Figure 4.8. (Continued) 
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(1) Relationships between Parapalaeosepsis, Allosepsis and Dicranosepsis 
(Fig. 4.8a) 
Two different topologies were supported in previous analyses. 
Parapalaeosepsis was either sister group to Allosepsis or Dicranosepsis. All analyses 
in the current study strongly support Parapalaeosepsis+Allosepsis; i.e., this conflict 
area has been fully resolved. 
(2) The position of Sepsis relative to the African clade (Fig. 4.8b) 
We find the same two topologies as in previous analyses. The conflicting 
clades are poorly supported. Most analyses of the combined dataset support Sepsis as 
sistergroup to the remaining genera and only the MP analyses of the 603++Nuc 
dataset yields a different result. 
(3) The relationship between Microsepsis, Meropliosepsis and Palaeosepsis 
(Fig. 4.8c) 
Based on analyses of the nucleotide data in Zhao et al. (2013), two topologies 
have support depending on the treatment of indels in MP analyses. In the current 
study, a different topology is found in analyses of the combined data. All analyses 
based on nucleotide data support (Microsepsis, (Palaeosepsis, (Meropliosepsis, 
Archisepsis))) with strong support in ML analyses (>96%) and low support in MP 
analyses (>66%). However, two different, poorly supported topologies are found in 
analyses based on amino acid data. 
(4) Relationship between Zuskamira, Saltella, Susanomira, Themira + 
Nemopoda and a clade consisting of the remaining sepsids (Fig. 4.8d) 
The disagreement in this area used to be quite complicated involving the 
rearrangements of several genera in the basal part of the phylogeny. There were seven 
alternative topologies in previous analyses and the improved character sampling in the 
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current study reduces this to two for nucleotide datasets. However, additional 
topologies are found in analyses of AA data.  
(5) Relationship between Meroplius, Toxopoda, a clade consisting of the 
Neotropical sepsids and the “Higher sepsids” (Fig. 4.8e) 
Six conflict topologies between parsimonious and model-based tree estimates 
were found in in previous analyses. Similar to the conflict area (3), this conflict area 
has been resolved based on nucleotide datasets in current study, all of which support 
the basal position of Decachaetophora, followed by the sister group relationship 
between (Meroplius + Neotropical sepsids) and (Paratoxopoda, (Perochaeta, “Higher 
sepsids”). Note that Toxopoda is no longer been placed inside this group; instead, it is 




I here present the results of a first phylogenomic analysis for Sepsidae based 
on transcriptome data generated through Next-Generation Sequencing (NGS) for a 
broad taxon sample covering ca. 40% (16 out of 37) of all sepsid genera. Such 
extensive application of transcriptome data to a relatively small clade of 
cyclorrhaphan flies is still unusual because transcriptomics is currently mostly used 
for resolving higher-level relationships (Dell’Ampio et al., 2014; Letsch et al., 2012; 
Jiménez-Guri et al., 2013; Simon et al., 2012; Wiegmann et al., 2011). However, 
more use of trancriptomics at lower levels is likely to become routine and my dataset 
provides some early insights into the kind of analysis that will be feasible in the 
future. I extracted data for transcripts of 1,017 putatively single-copy genes with more 
than 1 million bp nucleotide sites for 18 sepsids and three outgroups. Overall, one 
main goal was resolving the conflicting relationships in five areas of the sepsid tree. 
At the same time, I also wanted to explore whether the addition of transcriptome data 
to a Sanger sequencing dataset would yield an overall well-supported and species-rich 
phylogenetic hypothesis. If successful, this approach could potentially be a solution to 
the backbone problems that plague many species-rich phylogenetic trees. For 
example, for sepsids it could yield a well-supported tree for ca 30% of the species-
level diversity of sepsids.  
4.5.1 Phylogenetic relationships of Sepsidae: the phylogenomic results 
Over the past two decades, many studies have addressed the phylogenetic 
relationships of Sepsidae (Laamanen et al., 2005; Meier, 1995a, b, 1996; Pont and 
Meier, 2002; Su et al., 2008; Zhao et al., 2013). However, relationships at the 
backbone level remained unclear even after significantly improving taxon sampling. 
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One possible reason is the small number of molecular markers involved in previous 
analyses. In the present study, the broader sampling of genes via transcriptome data is 
less likely to be misled by evolutionary rate differences between genes. In addition, 
biases at the nucleotide level can be studied by also analyzing AA sequence data 
obtained by translating the nucleotide data. One new challenge posed by 
transcriptome data is that orthology is more difficult to establish. In my study I only 
extracted putatively single-copy genes via OrthoDB. I also developed a number of 
BLAST search strategies in combination with pairwise-distance filters to identify 
sepsid homologs of Drosophila genes. The ultimate goal of my analysis was a 
species-rich tree of Sepsidae with well-supported backbone nodes that are congruent 
between different tree optimality criteria. I would argue that this goal has been largely 
achieved. This assessment is based on the following observations: 
(1) Adding transcriptome data to my Sanger sequencing dataset yielded a 
matrix with a very large amount of missing data. One could have expected that 
analyses of such a dataset would yield largely unresolved trees because the species 
that only have Sanger sequencing data could have behaved like “wildcards” (Pol and 
Escapa, 2009). However, the transcriptome-only trees are compatible with trees based 
on the combined data set so that there is little evidence for instability caused by 
missing data. The trees are not only compatible, but the clade support is also high on 
the tree that used the “603++Nuc” dataset. Clade supports are generally lower on the 
“1017++Nuc” which may be a sign that an even larger amount of missing data started 
to have detrimental effects. Given these observations, I considered the trees obtained 
in the analyses of “603++Nuc” to be the reference point for all subsequent discussion. 
(2) A second observation is that the MP and ML analyses of 603++Nuc yields 
largely identical trees (see green branches in Fig. 4.5). These branches are also 
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compatible with the trees that were obtained when the data were translated into AA 
sequence. The main differences between nucleotide and AA trees are conflicting 
relationships for the Neotropical clade (see Results: position of Paratoxopoda similis) 
and overall low support and resolution within genera on the AA trees. The latter is 
likely due to lack of data given that many nucleotide differences at the species level 
are synonymous. Regardless of the minor differences between AA and nucleotide 
trees, I considered all congruent clades on the nucleotide trees (green branches in Fig. 
4.5) to be well-established relationships.  
(3) There are only three areas on the sepsid tree where relationships differ 
between MP and ML analyses. These warrant more discussion. Firstly, Orygma is 
either sister group to all remaining Sepsidae or sister group to Ortalischema. The 
former is a novel result for any analysis using molecular data, but this result should be 
taken seriously because it is also strongly supported by morphology (Meier, 1996; see 
also Su et al., 2008). However, given that most analyses of nucleotide data and all 
analyses using AA data support Orygma + Ortalischema, this relationship is currently 
still favored although more research is needed. In particular, a new transcriptome for 
Ortalischema should be prepared given that the gene coverage in the available 
transcriptome is poor. 
Secondly, there is conflict with regard to the position of Themira + Nemopoda 
and its relationship to Saltella and Toxopoda. The Themira + Nemopoda clade 
occupies a number of rather different positions on the different trees (Nuc and/or AA), 
but Decachaetophora and Paratoxopoda are no longer involved in this conflict area; 
i.e., the transcriptome data has helped with defining the problem. Arguably, the best 
strategy for resolving the position of Themira + Nemopoda will be adding more 
transcriptome data for other genera that are involved in this conflict area. In 
96 
particular, transcriptomes for Susanomira and Zuskamira would be useful. In the 
meantime, all comparative research on Sepsidae should analyze comparative data on 
the competing MP ad ML topologies in order to determine whether the position of 
Themira + Nemopoda influences conclusions. 
Thirdly, there is a conflict area that involves three clades: (1) Sepsis, (2) a 
clade composed of Allosepsis, Dicranosepsis, and Parapalaeosepsis, and (3) a clade 
composed of African genera. Conflict in this area is most likely due to the lack of 
transcriptome data for the latter. The persistence of conflict is thus not a sign that 
transcriptomics has failed. Instead, it is more likely to reflect a taxon sampling 
problem. 
A fourth observation is that transcriptomes yield so many genes that high 
support can be obtained for conflicting relationships on the ML and MP trees. I 
previously observed (Chapter 2) that conflict and low support were correlated, but this 
correlation does not hold for transcriptome trees, so that I would argue that different 
techniques for establishing branch support need to be developed. One tool could be 
jackknife analysis with higher deletion percentages or gene jackknifes (Hackett et al., 
2008; Wapinski et al., 2007). In any case, naïve interpretations of clade supports in 
transcriptomic analyses should be avoided. 
4.5.2 Challenges and future work toward a more complete Tree-of-Life for Sepsidae  
Although the additional gene sampling led to remarkable improvement in 
support, additional work is still needed. As discussed earlier, more data are needed for 
a few key taxa. These data could come in the form of additional transcriptomes or 
through hybrid enrichment (Lemmon et al., 2012; Lemmon and Lemmon, 2013). 
Second, two thirds of the sepsid species have yet to be placed on the tree. The main 
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challenge with placing many additional species is rarity (Lim et al., 2012). 
Approximately, one third of all species have only been collected once and it is 
difficult to see how molecular-grade tissues can be collected for these rare taxa. 
Clearly, there is a need for developing morphological characters and/or new 
techniques for obtaining molecular data from old specimens. Lastly, the analysis of 
transcriptome data is still in its infancy. There are many competing pipelines for 
obtaining orthologous gene sets and it remains unclear which pipeline is most 
appropriate. Many pipelines will yield biases, for example, toward genes that evolve 
slowly and these biases may interfere with resolving “difficult” relationships. An 
additional, serious problem is the inadequacy of current algorithms. Currently, MP 
analyses are fast and likely to yield results that are close to optimal based on the 
chosen tree optimality criterion. This seems unlikely for ML analyses where 
numerous shortcuts are employed in order to circumvent the computational 
complexities of ML estimates. For example, the currently available models are too 
simplistic, but more appropriate models and analysis strategies are computationally 
intractable. In our case, we were unable to run partitioned ML analyses and estimates 





I performed the first phylogenomic analysis for Sepsidae using ML and MP 
based on a matrix with ca. ~1.3 million characters from 1,017 orthologous genes. The 
result is an overall well-resolved and well supported phylogenetic tree for Sepsidae. 
By combining transcriptomic, mitogenomic, and Sanger sequencing data for a broad 
taxon sample covering ca. 40% of all sepsid genera, I obtained a dataset whose 
analysis combines the strong clade support from the transcriptome-only tree with the 
species richness of the Sanger sequencing tree. Several conflict areas identified in 
previous studies are resolved or the problematic clades are now identified with greater 
precision. One would hope that a similar strategy will also help with resolving 
backbone problems in other phylogenetic trees for major insect taxa. In order to 
obtain a species-rich tree with good support at a reasonable cost, we would suggest 
that Sanger sequencing be used for identifying well-supported clades. Species within 
these clades can be placed using Sanger sequencing. In order to resolve the 
relationship between these clades, alternative techniques should be tried that generate 
data for hundreds or thousands of genes for exemplar species of the well-supported 
clades (e.g., transcriptomics or hybrid enrichment). Fortunately, many of these clades 
are likely to have common species so that it will be feasible to obtain tissues that are 











Genetic data confirm the species status of Sepsis 
nigripes Meigen, 1826 (Diptera: Sepsidae) and adds 
one species to the Alpine fauna while questioning the 
synonymy of Sepsis helvetica Munari, 1985 
 
  
                                                
2 A version of this Chapter has been published as “Rohner, P. T., Ang, Y., Lei, Z., Puniamoorthy, N., 
Blanckenhorn, W. U., & Meier, R. (2014). Genetic data confirm the species status of Sepsis nigripes 
Meigen (Diptera: Sepsidae) and adds one species to the Alpine fauna while questioning the synonymy 
of Sepsis helvetica Munari. Invertebrate Systematics, 28(5), 555-563.” where I conducted the 
molecular data analyses. 
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5.1 Abstract 
Due to their interesting biology, conspicuous sexual dimorphism and the 
ability to conduct experiments on species that breed under laboratory condition, 
sepsid flies (Diptera: Sepsidae) are becoming increasingly important model organisms 
in evolutionary biology. Accurate species boundaries and well-supported 
phylogenetic hypotheses are thus of interest to many biologists. Here we resolve the 
conflict surrounding the taxonomic status of the European Sepsis nigripes Meigen, 
1826, which is shown to be a valid species using morphological and molecular data 
applied to multiple species concepts. The species is also placed onto a phylogenetic 
tree for the genus Sepsis that includes most European and North American species. In 
addition, we assess the genetic variability between two populations of the Holarctic 
Sepsis luteipes Melander & Spuler, 1917 from Europe and North America and find 
conflicting evidence between morphology and DNA sequences. Different species 
concepts here yield different inferences, and if two species were to be accepted based 
on molecular data, Sepsis helvetica, Munari 1985 from Europe would have to be 
resurrected from synonymy. We provide high-resolution images for all species in 
order to aid in accurate identification. Both species are also added to Sepsidnet, the 
digital reference collection for Sepsidae (http://sepsidnet-rmbr.nus.edu.sg). Lastly, we 
discuss a field site in the Swiss Alps where 12 species of Sepsis occur sympatrically 





 Sepsidae, or black scavenger flies, are a moderately species-rich group of 
schizophoran flies (>300 species, 37 genera; Ozerov, 2005) that are commonly found 
on cattle droppings and various decaying organic matter. Male sepsids typically have 
species-specific spines, bristles and protrusions on their fore femora and tibiae. These 
sexually dimorphic modifications are used to grasp the female wing base during 
mating (Ingram et al., 2008; Martin et al., 2003; Pont and Meier, 2002). Over the past 
few years, species of Sepsidae have become models in behavioral ecology, sexual 
selection and speciation studies (Blanckenhorn, 1999; Blanckenhorn et al., 2000; 
Eberhard, 2001; Martin and Hosken, 2003; Puniamoorthy et al., 2009; Puniamoorthy 
et al., 2010; Puniamoorthy et al., 2012; Puniamoorthy et al., 2008; Tan et al., 2011; 
Teuschl and Blanckenhorn, 2007), in eco-toxicological surveys (Blanckenhorn et al., 
2013a; Blanckenhorn et al., 2013b), and in developmental research (Bowsher et al., 
2013; Bowsher and Nijhout, 2007; Hare et al., 2008). This popularity has led to the 
establishment of steadily growing digital reference collection “Sepsidnet” that 
facilitates fast and correct identification (Ang et al., 2013), see http://sepsidnet-
rmbr.nus.edu.sg/). 
The phylogenetic relationships within Sepsidae are generally well resolved 
and supported based on morphological and molecular data (Laamanen et al., 2005; 
Meier, 1996; Su et al., 2008; Zhao et al., 2013). However, a few species remain 
problematic and others still need to be placed. The latter are either rare or belong to 
morphologically plastic species complexes consisting of unknown or disputed 
numbers of species (Tan et al., 2010). One of the rare species that has repeatedly been 
discussed in the literature is the European Sepsis nigripes Meigen, 1826, which is not 
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only very small and rare, but also morphologically very similar to closely related 
species. This has led to disagreements about its species status. While some 
taxonomists doubted its status as a separate species and often synonymized S. nigripes 
with other species (Collin, 1910; Pont, 1979; Zuska, 1970), other authors disagreed 
and insisted on its taxonomic validity (Becker, 1902; Duda, 1926; Hennig, 1949; Pont 
and Meier, 2002). However, no molecular evidence was available so its placement on 
the phylogenetic tree remained unclear. In addition, the data were not evaluated based 
on explicit species concepts. Another European species of dispute that has not been 
studied using molecular data and belongs to a morphologically plastic species 
complex is Sepsis luteipes Melander & Spuler, 1917. It was described based on 
Nearctic material. However, Frey (1917) and later Munari (1985) saw European 
specimens that were morphologically very similar. As discussed in Pont and Meier 
(2002), Frey (1917) provided a provisional species name that is considered a nomen 
nudum because he failed to provide a species description. Munari later described this 
species as Sepsis helvetica Munari, 1985, a species that was subsequently 
synonymized with Sepsis luteipes by Ozerov (1999). 
Here, we present evidence for the validity of S. nigripes based on 
morphological and genetic data and incorporate the taxon in a phylogenetic analysis 
of Sepsis. We furthermore describe a surprisingly diverse sepsid community of a field 
site in the Swiss Alps, thus documenting that S. nigripes is part of the Alpine fauna. 
Lastly, we discuss whether the North American and European populations of Sepsis 
luteipes are conspecific. 
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5.3 Materials and Methods 
5.3.1 Samples  
The European specimens used in this study were collected in the Swiss Alps 
(Lenzerheide, CH: 46.73°N, 9.56° E, 1500 m.a.s.l.) in July 2013. Wild caught male 
flies were frozen for identification whereas females were reared and bred in the 
laboratory (University of Zurich) on cow dung. Because male characters are important 
for identifying species, only male offspring of these females were used for species 
identification. The North American samples for Sepsis luteipes were caught with dung 
traps in 2012 near Lake Tahoe in Nevada, USA (38.93°N, -119.98° E, 1900 m.a.s.l.). 
Sepsis thoracica (Robineau-Desvoidy, 1830) from South Africa (Coll. Yuchen Ang; 
Sept. 2013, Cederberg National Park, Western Cape, South Africa: -32°20'35"S, 19° 
1'31"E, 360 m.a.s.l.) was also included in this study. The total numbers of specimens 
were: Sepsis nigripes: one specimen; S. luteipes (Switzerland): four specimens; S. 
luteipes (USA): three specimens; S. thoracica (South Africa): one specimen. 
5.3.2 Specimen morphology and imaging  
Male specimens were visually documented prior to DNA extraction and 
sequencing. The lateral habitus (showing leg ornamentation and thoracic pleura) as 
well as ventral view of the hypopygium were imaged and combined into a single 
figure, which displays enough species-specific diagnostic characters to reliably 
differentiate the various species. All specimens were imaged using the Visionary 
DigitalTM BK Plus Lab System, and then focus-stacked using Helicon FocusTM Pro 
(ver. 5.2.16) and digitally cleaned using Photoshop® to remove image background 
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‘noise’ and optimize brightness and contrast. Specimen figures are shown in this 
paper, and also deposited in the digital reference collection “Sepsidnet”.  
5.3.3 DNA extraction and sequencing 
The molecular dataset consists of the available sequences for 26 Sepsis and 
two outgroup species that were selected from Zhao et al. (2013). We here add four 
new taxa: Sepsis nigripes, Sepsis thoracica from South Africa, and two populations of 
Sepsis luteipes from Europe and North America (Table 5.1). Genomic DNA was 
extracted using a CTAB protocol with minor modifications of Shahjahan’s protocol 
(Shahjahan et al., 1995). Sequences for nine gene regions included here were obtained 
using the PCR and sequencing protocols described in Su et al. (2008): the nuclear 
protein-coding genes Alanyl-tRNA synthetase (AATS), Histone H3 (H3) and 
Elongation factor-1α (EF1α), the mitochondrial protein-coding genes cytochrome c 
oxidase subunit I (COI), cytochrome c oxidase subunit II (COII) and cytochrome b 
(CytB), as well as the ribosomal genes 12S, 16S, 18S, and 28S. A 487 bp region of 28S 
was not included because the pairwise distance analyses of this region suggest that it 
is uninformative within Sepsis. Successfully amplified PCR products were purified 
with SureClean before cycle-sequencing with BigDye Terminator v3.1, followed by 
bidirectional sequencing on an ABI 3100 Genetic Analyser (Perkin Elmer, Waltham, 
MA).  
Raw reads for both directions for each gene were assembled and edited with 
Sequencher v4.6 (Gene Codes, Ann Arbor, MI, USA) and subsequently checked for 
contamination with NCBI BLAST before alignment 
(http://blast.ncbi.nlm.nih.gov/Blast.cgi). Alignments were generated in MAFFT 
(http://mafft.cbrc.jp/alignment/server/, Katoh et al., 2005) with default parameters 
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Table 5.1 List of all taxa and genes in current study. New additions are marked with and asterisk. The remaining taxa stem from Zhao et al. (2013). Outgroups are 











































followed by a check of the protein encoding genes via amino acid translation in Mega 
5 (Tamura et al., 2011). All aligned genes were concatenated in SequencingMatrix 
v1.7.8 (Vaidya et al., 2011) before phylogenetic analysis. 
5.3.4 Sequence analyses 
The uncorrected, pairwise distances were computed in SpeciesIdentifier 
(Meier et al., 2006). For previously stated reasons (Srivathsan and Meier, 2012), 
uncorrected distances were preferred over K2P distances. In order to reconstruct the 
phylogenetic relationships, we performed a maximum parsimony (MP) and two 
maximum likelihood (ML) analyses for the concatenated dataset. The MP analysis 
was conducted using TNT v1.0 (Goloboff et al., 2008): New Technology Searches 
were performed with level 100, initial addseqs 5 and by finding the minimum length 
10 times. Five hundred nonparametric bootstrap replicates with the same settings were 
analyzed in order to determine node support for a dataset with indels coded as missing 
values. ML analyses were performed using Genetic Algorithm for Rapid Likelihood 
Inference (GARLI 2.01) on XSEDE (Zwickl, 2006) via the CIPRES gateway server 
(Miller et al., 2010). We used two partitioning schemes. For the first analysis, we 
treated the concatenated data as one partition. For the second, the data were first 
partitioned into nine parts: (1)−(2) mitochondrial protein-encoding genes: 1st and 2nd, 
3rd positions; (3)−(4) nuclear protein-encoding genes: 1st and 2nd, 3rd positions; (5) 12S 
rDNA; (6) 16S rDNA; (7) 18S rDNA; (8)−(9) two regions of 28S rDNA. jModelTest 
v0.1 (Posada, 2008) was used to find the best fit model under the Akaike Information 
Criterion (AIC). (One partition model: GTP+G; Codon position partition models: 12S: 
TIM1+I+G, 16S: TIM3+I+G, 18S: F81+I+G, 28Ss1: TIM3+G, 28Ss2 TPM3uf+G, 
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Mitochondrial protein coding genes 1st and 2nd position: TIM1+G, Mitochondrial 
protein coding genes 3rd position: TIM2+G, Nuclear protein coding genes 1st and 2nd 
position: TIM3+G, Nuclear protein coding genes 3rd position: TIM2uf+G). Optimal 
ML trees were found by running two independent analyses for 20,000 consecutive 
generations. Support was evaluated using 250 bootstrap replicates with a stop 




5.4.1 Relationships among closely related Sepsidae 
We obtained sequence data for the newly added four taxa for most of the nine 
gene regions, which were submitted to GenBank (Table 5.1). The smallest COI 
distance between S. nigripes and S. flavimana — the species with the most similar 
COI barcode sequence in Europe (Zhao et al., 2013) — is 4.8%, i.e., much higher 
than normally observed within species in Diptera (Meier et al., 2006; Meier et al., 
2008). The parsimony analysis found one tree (5,365 steps) while the Garli scores for 
the partitioned analysis was −33,833.9562 and −37,038.4688 for the unpartitioned 
analysis. On the phylogenetic tree (Fig. 5.1 and Appendix 4 Supplementary Figs. 1
3), S. nigripes is sistergroup to S. flavimana. However, this hypothesis has low 
bootstrap support in the MP and ML analyses. Inspection of all bootstrap replicate 
trees reveals that a third, closely related species, S. pyrrhosoma, is sistergroup to S. 
nigripes (8% of MP bootstrap replicates; 26% of ML1 partition replicates; 17% ML10 
partitions replicates), or all three species are related as specified here: (S. flavimana (S. 
nigripes (S. pyrrhosoma (S. biflexuosa, S. duplicata, S. secunda) (20% of MP 
replicates; 9% of ML1 partition replicates; 6% ML10 partitions replicates). The uncorrected, 
pairwise distances between the two populations of Sepsis luteipes are also large 
(3.5−3.9%) and more compatible with separate species than intraspecific variability. 
Intraspecific variability is low within the North American population (<0.48% for 
three specimens) and the Swiss population (<0.14% for three specimens). The 
populations are well supported as sistergroups and nested within Hennig’s S. punctum 
species group (including S. orthocnemis, see Fig. 5.1 for detail). Sepsis orthocnemis 
lacks the femoral tubercle that is otherwise the distinguishing feature of the species 
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group, but its close relationship to the S. punctum species group was already identified 
in Su et al. (2008).  
 
Figure 5.1 Phylogenetic relationships within Sepsis: MP (Left) and ML (Right); node values = 
bootstrap; ML = partitioned analysis above node; one-partition analysis below node; “--” conflicting. 
 
5.4.2 Morphological differentiation 
The sepsid species that are morphologically most similar to S. nigripes are S. 
pyrrhosoma, S. flavimana, and S. biflexuosa; the latter two occur in Europe in 
sympatry with S. nigripes (Table 5.1). As discussed in Pont & Meier (2002), S. 
flavimana, S. biflexuosa and S. nigripes can be distinguished by their male foreleg 
armature and genital structures, whereas females cannot be distinguished with 
certainty. There are several characters that can be used to distinguish male S. nigripes 
from other species. Males usually have slight modifications close to the proximal end 
of the fore tibia (Fig. 5.2b). In contrast, emarginations in S. biflexuosa are typically 
more distal (Fig. 5.2a), and S. flavimana has a shallow notch in the proximal half of 
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the fore tibiae, similar to S. nigripes, but much stronger (Fig. 5.2c). In addition, S. 
nigripes can be distinguished from S. flavimana by an additional antero-ventral row of 
5−7 spines (Iwasa, 1985; Pont and Meier, 2002). However, high phenotypic plasticity 
in fore-femoral size can obscure the species differences.  
We believe that the most reliable trait for identifying S. nigripes is the 
characteristic blunt-tipped genital surstylus. In contrast, the surstyli of S. flavimana 
are beak-like and those of S. biflexuosa are more slender and slightly more elongated 
(see Fig. 5.2 and Pont and Meier, 2002).  
5.4.3 Biodiversity of Sepsis of a field site in the Swiss Alps 
Sepsis nigripes is a very rare species in Central and Northern Europe, with 
only few, new records from Hungary (Papp, 2007), Russia and Japan (Iwasa, 1995), 
whereas its sister taxon S. flavimana is very common throughout Europe and beyond 
(Pont and Meier, 2002). Sepsis nigripes is here recorded for the first time from the 
Alps. It was collected as part of a remarkably diverse assemblage of Sepsis species at 
Lenzerheide (Switzerland). The assemblage was dominated by a few common species 
(Table 5.1), while most species, including S. luteipes, S. nigripes, and its sister species 




























Figure 5.2 Morphological differentiation between Sepsis biflexuosa, Sepsis nigripes, Sepsis flavimana, 
Sepsis pyrrhosoma and two intercontinental populations of Sepsis luteipes: 
 
         a)   Sepsis biflexuosa Strobl, 1893: Holarctic distribution. Cuticular protrusion on fore tibia very pro-
nounced, with narrowest part of fore tibia (black arrow) more distal than in S. flavimana. 
         b)   Sepsis nigripes Meigen, 1826: Palearctic distribution. Fore femur mostly darkened, with two ventral rows 
of spines; surstylus with blunt apex. (new specimen from Lenzerheide) 
         c)   Sepsis flavimana Meigen, 1826: Palearctic distribution. Fore femur with one (posterio-ventral) row of 
spines, darkened dorsally; fore tibial cuticular protrusion very slight; surstylus short and beak-like. 
         d)   Sepsis pyrrhosoma Melander & Spuler, 1917: Holarctic distribution. Postgena, lower occiput, pleural 
thorax (except for band on dorsal katepistenum) and forelegs yellowish-red; abdominal segments also 
lighter colored than in S. flavimana; fore tibial ventral spines weak; yellowish hypopygium; surstylus 
with medial tooth. 
         e)   Sepsis luteipes Melander & Spuler, 1917 CH: Head slightly larger in proportion to thorax than USA 
specimens; rear tibia darker than USA specimens; medial teeth on surstyli more pronounced than in USA 
specimens. 
         f)   Sepsis luteipes Melander & Spuler, 1917 USA: Head slightly smaller in proportion to thorax than CH 
specimens; rear tibia lighter in color medially than CH specimens; medial teeth on surstylus more 
diminutive than in CH specimens.  
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5.5 Discussion 
All three phylogenetic analyses carried out using MP and ML analyses with 
different partitioning strategies obtained largely congruent and well-supported 
relationships for most nodes. Conflict between MP and ML trees concerned clades 
with low support. Our phylogenetic analyses of the new sequence data place S. 
nigripes within the flavimana-group and S. luteipes in the S. punctum species group. 
These placements are congruent with earlier taxonomic work based on morphology 
(Frey, 1925; Iwasa, 1985; Pont and Meier, 2002). However, in those publications, the 
precise relationship of the species within their respective clades was not addressed. 
One may argue that two additions to the Tree-of-Life for Sepsidae (Zhao et al., 2013) 
are unimportant, but both species occur in Europe and/or North America and they are 
likely to be included in future sepsid studies focusing on ecology, behavior, and 
evolution of Holarctic sepsids. In addition, we obtained phylogenetic information in 
order to be able to discuss the species boundaries based on a range of species concepts 
(Laamanen et al., 2003; Tan et al., 2010), and some of these concepts require 
phylogenetic information (Wheeler and Meier, 2000). Here we were able to place 
both species on the Tree-of-Life although the bootstrap support for the placement of 
S. nigripes is low (MP: 57; ML 59, 76). Currently, the best support exists for a 
sistergroup relationship between S. nigripes and S. flavimana with both species 
together being sistergroup of the remaining species belonging to Hennig’s S. 
flavimana species group [S. pyrrhosoma, (S. biflexuosa, (S. duplicata, S. secunda))]. 
However, there are also two common, conflicting topologies among the bootstrap 
replicate trees. One supports a sistergroup relationship between S. nigripes and S. 
pyrrhosoma or a “ladderized” S. flavimana and S. nigripes forming subsequent 
branches sister to the S. flavimana species group. In contrast to the placement of S. 
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nigripes, the position of S. luteipes is unambiguous, and it is placed as sistergroup of a 
clade composed of S. violacea, S. fulgens, and S. orthocnemis.  
5.5.1 Species limits for Sepsis nigripes and Sepsis luteipes 
With respect to phylogenetic placement, Sepsis nigripes is a difficult case 
while S. luteipes is more straightforward. The case is reversed with regard to species 
limits. Sepsis nigripes has subtle, discrete, and fixed morphological differences that 
distinguish it from all other species in the S. flavimana species group (Fig. 2a−d). In 
addition, the COI DNA barcode for S. nigripes differs by >4.8% from all other 
species that have been discussed as potential synonyms. Fortunately, all these species 
are sympatric or parapatric with S. nigripes. These discrete morphological and 
molecular character differences in sympatry make it unlikely that it hybridizes with 
sympatric congeners; i.e., S. nigripes behaves like a reproductively isolated species 
sensu the Biological (Mayr, 2000) and Hennigian Species Concept sensu Meier and 
Willmann (2000). It has its own independent evolutionary fate as required by the 
Evolutionary Species Concept (Wiley and Mayden, 2000), and it is “diagnosable by a 
unique combination of character states” so that it is a good species under the 
Phylogenetic Species Concept sensu Wheeler and Platnick (Wheeler and Platnick, 
2000). As is often the case for rare species (Lim et al., 2012), S. nigripes is a rare 
species in our analysis because we only have specimens from one collecting event 
(Table 5.1). Therefore, ”monophyly” cannot be tested rigorously but the species is, at 
least, not nested within any of the other recognized species with data for multiple 
populations so that there is no reason to reject S. nigripes as a phylogenetic species 
sensu Mishler and Theriot (Mishler and Theriot, 2000). Overall, all morphological 
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and molecular data presented here support its taxonomic status as a separate species 
under all species concepts mentioned here.  
Sepsis nigripes can thus here be added to the Swiss and Alpine fauna of 
Sepsidae. According to Haenni (1997), all old records of S. nigripes in Switzerland 
were based on misidentifications and the species was therefore not included in the 
Diptera checklist of Switzerland (Haenni, 1998; Merz et al., 2001). Only recently, the 
species was unambiguously identified as belonging to the Swiss fauna based on 
specimens collected in the vicinity of Geneva, Switzerland, which lies very close to 
the French border (Merz, 2012; morphological identification verified by Andrey 
Ozerov). This means that our records are the second for the country, and the first in 
the higher Alps. 
The species boundaries are much less clear for the European and North 
American populations of Sepsis luteipes. The genetic distances for COI barcodes are 
large (3.5−3.9%). Given that there is no evidence for a widespread role of COI in 
speciation (Kwong et al., 2012), such large distances are only prima facie evidence 
for a long time of separation between the populations. Whether it is also evidence for 
different species depends on the species concept. Proponents of species concepts 
based on reproductive isolation would be wary of splitting the species because there is 
a lack of morphological differentiation between the populations, and the barcode 
distances are consistent with either intra- or interspecific differentiation within sepsids 
(Puniamoorthy et al., 2010, 2012). Proponents of Evolutionary and Phylogenetic 
Species Concepts would be more likely to accept that the populations are different 
species. For example, it can be argued that the populations have their “own 
independent evolutionary fate and historical tendencies” based on allopatry 
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(Evolutionary Species Concept; Wiley and Mayden, 2000), and that the populations 
are “diagnosable by a unique combination of character states” (Wheeler and Platnick 
2000; see COI sequence differences). Proponents of these species concepts would 
therefore probably resurrect Sepsis helvetica from synonymy for the European 
population, and add that species to the Swiss fauna. With regard to concepts based on 
monophyly, we again have little evidence due to the availability of sequences for only 
one population (Lim et al., 2012), but the presence of reciprocal monophyly would 
likely lead to the provisional acceptance of two species by some authors. Given that 
we are proponents of species concepts based on reproductive isolation, we prefer to 
keep the status quo and consider S. luteipes as one species until more information 
regarding reproductive isolation becomes available. However, the two populations 
can already be regarded as two evolutionarily significant units (Moritz, 1994). 
5.5.2 The Ecology of Sepsis 
The ecology of sepsid flies remains poorly studied, even though they can be 
abundant on oviposition sites such as animal dung (Pont and Meier, 2002), carcasses 
(Heo et al., 2008), and adult feeding sites such as plants and bushes (Eberhard, 1999). 
The realized niches and ecological functions of the various species within the dung 
community remain largely unknown (Hammer, 1941). All 12 Sepsis species 
(including S. nigripes) listed in Table 5.1 were sympatric in the same alpine cow 
pasture, and various species were even found on the same cow pat. Unfortunately, 
there is only limited knowledge about how the different species avoid competition and 
to what extent niche separation plays a role in speciation. Clearly, there are large 
differences in abundance among Sepsis species on cow pastures. Our observations 
agree with previous data indicating that S. cynipsea is by far the most common 
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species in north-central Europe (Blanckenhorn, 1999; Blanckenhorn et al., 2000; 
Parker, 1972). Unfortunately, very little is known about what causes this dominance 




We here use molecular data to validate the species status of Sepsis nigripes 
under all species concepts while it remains unclear whether Sepsis luteipes as 
currently understood constitutes two different species. In addition, we report 
unexpectedly high sepsid diversity in a single Swiss habitat, which once more 


















The research presented in this dissertation reconstructs the Tree-of-Life of 
Sepsidae in unprecedented detail and with good support for most nodes. I used 
different techniques to address the two interrelated problems of weak supports of 
internal nodes and topological conflicts. This problem is outlined in Chapter 1. In 
subsequent chapters I generated new data that became the basis for several new 
datasets that have an increasingly dense taxon and gene sampling. I analyzed them 
using different methods in order to obtain a high-resolution, high-support, and 
species-rich tree.  
Chapter 2 tested the effect of a denser taxon sampling on support and conflict 
by adding 50 new taxa to the dataset of a previous study by Su et al. (2008). This 
brought the total taxon coverage to 105 sepsids species from 24 of the 37 described 
genera. The resulting trees are overall congruent, well-resolved and -supported and 
many nodes are not affected by different tree optimality criteria (MP, ML, BI) or 
different treatments of the data (indel treatment, partitioning strategies and outgroup 
selection). Sepsidae was revealed as monophyletic with Orygma + Ortalishema as the 
sister group to all remaining sepsids. Several clades were consistently recovered with 
high supports across all analyses, including the Neotropical sepsids, the “African 
clade” and the “Higher sepsids clade”. Although successfully placing several new 
genera and many additional species onto the phylogenetic tree of Sepsidae, the denser 
taxon sampling did not significantly help with resolving the existing backbone 
problems of sepsids phylogeny. Five conflict areas with topological disagreements 
above the genus level were revealed, two of which pertained to the same areas 
discovered previously. Moreover, three new areas were identified that were largely 
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related to the newly added taxa. Unfortunately, the supports for several nodes of the 
backbone remained weak. These results lead to further attempts for strengthening 
support through the use of additional genetic markers. 
Chapter 3 presented a phylogenetic analysis based on mitochondrial (mt) 
genomes for 28 sepsids species and three outgroups. Two different strategies were 
used to obtain mt-genomes: (i) NGS of DNA from mitochondrial enriched fraction of 
tissues or (ii) extracting bioinformatically mt genes from transcriptome data. Both 
strategies yielded nearly complete sequences for most coding genes and for nearly all 
taxa. I was able to demonstrate that there are no gene rearrangements relative to the 
gene order found in Drosophila melanogaster. The amino acid sequence for the 
protein-encoding genes as well as the nucleotide sequences for the small and large 
ribosomal subunit genes were also very similar to what is known for the model 
schizophoran. MP and ML analyses were used to evaluate the data; once for only the 
mt genome data with >13 kb length and once based on a combined dataset that also 
included the previously obtained Sanger sequencing data for 125 taxa from earlier 
studies. In comparison with previous results, the mitogenomic analyses supported 
similar clades, with overall less conflict for species-level relationships within genera. 
However, mt genomes helped little with providing a robust and stable phylogenetic 
hypothesis of Sepsidae. The limited effect of the improved character sampling using 
mt genome data on resolving the backbone problem of Sepsidae led me to explore 
broader gene sampling across the sepsid genomes. 
In Chapter 4, the effect of transcriptomic data obtained via next-generation 
sequencing for 18 sepsids and 3 outgroups was evaluated based on a dataset 
composed of 1,017 putatively single-copy, orthologous genes with ca. ~1.3 million 
characters. I also tested the effect of gene coverage in the data matrix by generating a 
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high coverage dataset with 603 genes for which there was data for most species. 
Phylogenomic analyses using ML and MP for both nucleotide and translated amino 
acid data were performed based on the newly generated transcriptome-only dataset as 
well as combined datasets that included the Sanger sequencing data from Chapter 2 
and mitogenomic data from Chapter 3. The transcriptome analyses obtained fully 
resolved and well-supported phylogenetic trees of Sepsidae, but the position of a few 
genera remained unclear; i.e., Ortalischema, Themira+Nempoda, and Paratoxopoda. 
The analyses of combined supermatrix with denser sampling at both taxon and 
character level yielded an overall well-supported, species-rich Tree-of-Life for 
Sepsidae. Transcriptomics provided a partial resolution for the common backbone 
problem faced in many studies on insect phylogenetics 
Chapter 5 used molecular data to validate the taxonomic status of Sepsis 
nigripes from Europe and to assess the genetic variability between the European and 
North American populations of Sepsis luteipes. Sepsis nigripes was shown to be a 
valid species when applied to multiple species concepts. In contrast, the status of 
Sepsis luteipes remains because the North American and European populations have 
very different haplotypes. 
The main aim of this thesis was to obtain a well-supported and species-rich 
phylogeny for Sepsidae, which can be utilized for future comparative research of this 
group. We tested the effects of improved taxon sampling and gene sampling on 
resolving the sepsid phylogeny. Taxon sampling showed limited effects while 
improved gene sampling from transcriptome data led to visible improvements of 
support for the several internal nodes of the phylogeny. However, there are still some 
nodes with weak support and show conflict on trees based on different optimality 
criteria.  These are areas at the base of the tree (Orygma & Ortalischema), and the 
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position of Themira + Nemopoda, the African clade and the Neotropical sepsids. 
Additional taxa should be sampled for transcriptomes. Several key taxa still lack 
transcriptome data. This is a problem that is common in phylogenomics, because NGS 
requires large quantities of high quality RNA. It is often very difficult to obtain this 
material for non-model species many of which are elusive, rare and cannot be bred in 
lab conditions. In my thesis I propose that this problem can be overcome by 
combining transcriptomics with PCR data. Transcriptomes are sequenced for key taxa 
in order to generate the backbone of the tree. These data are then combined with 
Sanger sequencing data for many species so that the overall tree is robust and species-
rich. The results of Chapter 4 suggest that this approach is indeed promising and can 
succeed.  
With the rapid development of NGS techniques, the acquisition of single-copy 
genes through NGS is becoming less expensive and faster. However, the large 
amounts of sequence data generated by high-throughput sequencing generate new 
challenges. For example, computational limitations interfere with the full exploration 
of the signal in the sequence data. For example, it takes weeks for TNT and RAxML 
to complete a single analysis. Most notably, more rigorous ML analysis software that 
employ fewer computational shortcuts (e.g., GARLI) cannot be used (including my 
sepsid datasets generated for chapter 4). Computation power is one issue but future 
analyses will also require better algorithms that are computationally efficient. For 
example, the available software struggles to identify systematic error masqueraded as 
strong supports with resolution, undetected genetic biases and errors inherent in 
model estimation. In addition, the currently available models are too simplistic to 
reflect the complexity of molecular evolution. Several studies have shown that ML 
analyses are sensitive to issues such as site heterogeneity in datasets. More 
124 
appropriate models and analysis strategies are required. Lastly, other bioinformatics 
aspect like data management, contamination filtering and orthology prediction remain 
to be developed more fully in order to ensure that accurate phylogenetic relationships 
can be recovered.  
In conclusion, a well-supported, species-rich tree for Sepsidae could be 
obtained once multiple datasets having both denser character sampling across the 
genome and better taxon sampling with the representative taxa across the family by 
using various phylogenetic tree reconstruction methods. The future application of the 
phylogenomic approach on resolving the backbone problems of insect Tree-of-Life 
will rely on the development of more powerful and accurate bioinformatics methods 
in tree-reconstruction, without which, the obtaining of strongly supported tree does 
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Supplementary Fig. 1a ML bootstrap tree for dataset 1 under different partitioning schemes (one partition).
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Appendix 1 - 1
Supplementary Fig. 1b ML bootstrap tree for dataset 1 under different partitioning schemes (partitioned by genes).
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Appendix 1 - 5
Supplementary Fig. 2c Bayesian tree for dataset 1 under different partitioning schemes (partitioned by codon).
0.05
Toxopoda soror

















































Microsepsis armillata (South America)
Microsepsis furcata (South America)
Microsepsis sp.





Meropliosepsis sexsetosa (South America)
Meroplius fukuharai












































Brachythoracosepsis sp. (Comores Islands)











































































































































Appendix 1 - 6
Supplementary Fig. 3a MP bootstrap tree for dataset 1 with different treatment of indels (indel = ?).
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Appendix 1 - 7
Supplementary Fig. 3b MP bootstrap tree for dataset 1 with different treatment of indels (indel = 5th).
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Appendix 1 - 14
Supplementary Fig. 6a MP bootstrap tree for subset 1 with different treatment of indels (indel = ?).
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Appendix 1 - 15
Supplementary Fig. 6b MP bootstrap tree for subset 1 with different treatment of indels (indel = 5th).
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Appendix 1 - 22
Supplementary Fig. 9a MP bootstrap tree for subset 2 with different treatment of indels (indel = ?).
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Supplementary Fig. 9b MP bootstrap tree for subset 2 with different treatment of indels (indel = 5th).
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Supplementary Fig. 10a ML bootstrap tree for dataset 2 under different partitioning schemes (one partition).
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Supplementary Fig. 10b ML bootstrap tree for dataset 2 under different partitioning schemes (partitioned by genes).
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Supplementary Fig. 10c ML bootstrap tree for dataset 2 under different partitioning schemes (partitioned by codon).
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Strict consensus of 2 trees (0 taxa excluded)
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Supplementary Fig. 11a MP bootstrap tree for dataset 2 with different treatment of indels (indel = ?).
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Supplementary Figure 13: Manually aligned regions for dataset 1 and dataset 2 (terminal positions) 
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Supplementary Table 1: List of all taxa of Sepsidae and genes used in this study 
 
Taxa Author name Locality 12S 16S COII COI CYTB 18S 28S AATS Ef1a H3
Taxa from current study
Adriapontia capensis (Hennig, 1960) Suthe Africa KF199437 (N/A) KF199627 KF199801 KF199675 KF199533 KF199579 KF199768 (N/A) KF199723
Allosepsis  sp. 2 (Wiedemann, 1824) Vietnam.Ba Vi KF199438 KF199487 KF199628 KF199802 KF199676 KF199534 KF199580 KF199769 (N/A) KF199724
Allosepsis sp. 3 (Wiedemann, 1824) Malaysia.Frazers Hill KF199439 KF199488 KF199629 KF199803 KF199677 KF199535 KF199581 KF199770 (N/A) KF199725
Allosepsis  sp. 4 (Wiedemann, 1824) India.Chennai KF199440 KF199489 KF199630 KF199804 KF199678 KF199536 KF199582 KF199771 KF199743 KF199726
Allosepsis  sp. 5 (Wiedemann, 1824) Malaysia.Penang KF199441 KF199490 KF199631 KF199805 KF199679 KF199537 KF199583 KF199772 KF199744 KF199727
Allosepsis sp. 6 (Wiedemann, 1824) Philipines.Los Baños KF199442 KF199491 KF199632 KF199806 KF199680 KF199538 KF199584 (N/A) KF199745 KF199728
Allosepsis  sp. 7 (Wiedemann, 1824) Indonesia.Sulawesi KF199443 KF199492 KF199633 KF199807 KF199681 KF199539 KF199585 KF199773 (N/A) (N/A)
Allosepsis sp. 8 (Wiedemann, 1824) Malaysia.Terrenganu KF199444 KF199493 KF199634 KF199808 KF199682 KF199540 KF199586 KF199774 KF199746 KF199729
Allosepsis sp. 9 (Wiedemann, 1824) Malaysia.Tioman KF199445 KF199494 KF199635 KF199809 KF199683 KF199541 KF199587 (N/A) (N/A) (N/A)
Archisepsis armata (Schiner, 1868) South America KF199446 KF199495 KF199636 KF199810 KF199684 KF199542 KF199588 KF199775 (N/A) (N/A)
Archisepsis discolor (Bigot, 1857) South America KF199447 (N/A) KF199637 KF199811 KF199685 KF199543 KF199589 (N/A) (N/A) KF199730
Archisepsis ecalcarata (Thompson, 1869) South America KF199448 KF199496 KF199638 KF199812 (N/A) KF199544 KF199590 KF199776 KF199747 (N/A)
Archisepsis pusio (Schiner, 1868) South America KF199449 KF199497 KF199639 KF199813 KF199686 KF199545 KF199591 (N/A) (N/A) (N/A)
Archisepsis  sp. Central America KF199450 KF199498 KF199640 KF199814 KF199687 KF199546 KF199592 KF199777 KF199748 KF199731
Brachythoracosepsis butikensis (Vanschuytbroeck, 1963) Congo DRC KF199451 KF199499 KF199641 KF199815 KF199688 KF199547 KF199593 KF199778 (N/A) (N/A)
Brachythoracosepsis freidbergi Ozerov, 1996 Congo DRC KF199452 KF199500 KF199642 KF199816 KF199689 KF199548 KF199594 KF199779 (N/A) (N/A)
Brachythoracosepsis pseudonotosa (Ozerov, 1990) Congo DRC KF199453 KF199501 KF199643 KF199817 KF199690 KF199549 KF199595 KF199780 (N/A) (N/A)
Brachythoracosepsis ruanolieusis (Vanschuytbroeck, 1963) Congo DRC KF199454 KF199502 KF199644 KF199818 KF199691 KF199550 KF199596 KF199781 KF199749 (N/A)
Brachythoracosepsis saothomensis Ozerov, 2000 Congo DRC KF199455 KF199503 KF199645 KF199819 KF199692 KF199551 KF199597 KF199782 (N/A) (N/A)
Brachythoracosepsis sp. Comores Islands KF199456 KF199504 KF199646 KF199820 (N/A) KF199552 KF199598 (N/A) (N/A) (N/A)
Dicranosepsis planitarsis Ozerov, 1994 Vietnam KF199457 KF199505 KF199647 KF199821 KF199693 (N/A) KF199599 (N/A) (N/A) (N/A)
Dicranosepsis revocans Singapore KF199458 KF199506 KF199648 KF199822 KF199694 KF199553 KF199600 KF199783 KF199750 KF199732
Dicranosepsis sp. ‘fake revocans’ Malysia KF199459 KF199507 KF199649 KF199823 KF199695 KF199554 KF199601 KF199784 KF199751 KF199733
Dicranosepsis takoensis (Vanschuytbroeck, 1963) China KF199460 KF199508 KF199650 KF199824 KF199696 KF199555 KF199602 KF199785 KF199752 (N/A)
Dicranosepsis transita Ozerov, 1997 Asian KF199461 KF199509 KF199651 KF199825 KF199697 KF199556 KF199603 KF199786 KF199753 (N/A)
Leptomerosepsis simplicicrus (Duda, 1926) Congo DRC KF199462 KF199510 KF199652 KF199826 KF199698 KF199557 KF199604 KF199787 KF199754 (N/A)
Meropliosepsis sexsetosa Duda, 1926 French Guiana KF199463 KF199511 KF199653 KF199827 KF199699 KF199558 KF199605 (N/A) (N/A) (N/A)
Meropliosepsis sexsetosa Duda, 1926 South America KF199464 KF199512 KF199654 KF199828 KF199700 KF199559 KF199606 (N/A) KF199755 KF199734
Meroplius alberquerquei Silva, 1990 South America KF199465 KF199513 (N/A) KF199829 KF199701 KF199560 KF199607 (N/A) KF199756 KF199735
Meroplius fasciculata (Brunetti, 1910) Indonesia KF199466 KF199514 KF199655 KF199830 KF199702 KF199561 (N/A) KF199788 KF199757 (N/A)
Microsepsis armillata (Ozerov, 1998) Central America KF199467 KF199515 KF199656 KF199831 KF199703 KF199562 KF199608 KF199789 KF199758 (N/A)
Microsepsis furcata (Melander & Spuler, 1917) South America KF199468 KF199516 KF199657 KF199832 KF199704 KF199563 KF199609 (N/A) KF199759 KF199736
Microsepsis mitis (Curran, 1927) Central America KF199469 KF199517 KF199658 KF199833 KF199705 KF199564 KF199610 KF199790 (N/A) (N/A)
Microsepsis  sp. Central America KF199470 KF199518 KF199659 KF199834 KF199706 KF199565 KF199611 KF199791 KF199760 KF199737
Nemopoda speiseri (Duda, 1926) Sweden KF199471 (N/A) KF199660 KF199835 KF199707 KF199566 KF199612 (N/A) (N/A) (N/A)
Palaeosepsis buck i Ozerov, 2004 Central America KF199472 KF199519 KF199661 KF199836 KF199708 KF199567 KF199613 KF199792 (N/A) (N/A)
Palaeosepsis golovastik Ozerov, 2004 Panama KF199473 KF199520 KF199662 KF199837 KF199709 KF199568 (N/A) (N/A) KF199761 (N/A)
Paratoxopoda similis Ozerov, 1993 Congo DRC KF199474 KF199521 KF199663 KF199838 KF199710 (N/A) KF199614 KF199793 (N/A) KF199738
Perochaeta cuirassa Ang, 2010 Vietnam KF199475 KF199522 KF199664 KF199839 KF199711 KF199569 KF199615 (N/A) (N/A) (N/A)
Perochaeta dikowi Ang, 2008 Asian KF199476 KF199523 KF199665 KF199840 KF199712 KF199570 KF199616 (N/A) KF199762 (N/A)
Perochaeta lobo Ang, 2010 Vietnam KF199477 KF199524 KF199666 KF199841 KF199713 KF199571 KF199617 KF199794 KF199763 (N/A)
Perochaeta orientalis (de Meijere, 1913) Asian KF199478 KF199525 KF199667 KF199842 KF199714 KF199572 KF199618 KF199795 (N/A) KF199739
Pseudopalaeosepsis nigricoxa Ozerov, 1992 Panama KF199479 (N/A) KF199668 KF199843 KF199715 (N/A) KF199619 KF199796 KF199764 KF199740
Sepsis arotrolabis Duda, 1926 South Africa KF199480 KF199526 KF199669 KF199844 KF199716 KF199573 KF199620 KF199797 (N/A) KF199741
Sepsis niveipennis (Becker, 1903) African KF199481 KF199527 KF199670 KF199845 KF199717 KF199574 KF199621 KF199798 KF199765 (N/A)
Sepsis pyrrhosoma Melander & Spuler, 1917 USA KF199482 KF199528 (N/A) KF199846 KF199718 (N/A) KF199622 KF199799 KF199766 (N/A)
Sepsis sepsi Ozerov, 2003 Vietnam KF199483 KF199529 KF199671 KF199847 KF199719 KF199575 KF199623 (N/A) KF199767 (N/A)
Sepsis  sp. (Isangi) Congo DRC KF199484 KF199530 KF199672 KF199848 KF199720 KF199576 KF199624 KF199800 (N/A) (N/A)
Themira gracilis (Zetterstedt, 1847) Finland KF199485 KF199531 KF199673 KF199849 KF199721 KF199577 KF199625 (N/A) (N/A) KF199742
Toxopoda soror (Munari, 1994) Congo DRC KF199486 KF199532 KF199674 KF199850 KF199722 KF199578 KF199626 (N/A) (N/A) (N/A)
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Supplementary Table 1 (continue) 
 
Taxa Author name Locality 12S 16S COII COI CYTB 18S 28S AATS Ef1a H3
Taxa from Su et al.  (2008)
Lopa convexa McAlpine 1991 (Coelopidae) N.A. EU435514 AF403450 EU435842 EU435768 EU435900 EU435620 EU435693 EU436026 AY048515 (N/A)
Gluma nitida McAlpine 1991 (Coelopidae) N.A. EU435516 AF403468 EU435844 EU435770 EU435902 EU435622 EU435695 EU436028 AY048533 (N/A)
Icaridion debile (Lamb, 1909) (Coelopidae) N.A. EU435515 AF403469 EU435843 EU435769 EU435901 EU435621 EU435694 EU436027 AY048534 (N/A)
Helcomyza mirabilis Melander 1920 (Helcomyzidae) N.A. EU435517 AF403449 EU435845 EU435771 EU435903 EU435623 EU435696 (N/A) AY048514 (N/A)
Heterocheila buccata Rondani, 1857 (Heterocheilidae) Denmark EU435518 AF403446 EU435846 EU435772 EU435904 EU435624 EU435697 EU436029 AY048511 (N/A)
Willistoniella pleuropunctata (Wiedemann, 1824) (Ropalomeridae) N.A.
EU435519 EU435573 EU435847 EU435773 EU435905 EU435625 EU435698 (N/A) EU435973 (N/A)
Archisepsis diversiformis Ozerov, 1993 Central America EU435520 EU435574 EU435848 EU435774 EU435906 EU435626 EU435699 EU436030 (N/A) EU436086
Archisepsis excavata (Duda, 1926) Central America EU435521 EU435575 EU435849 EU435775 EU435907 EU435627 EU435700 EU436031 EU435974 EU436087
Archisepsis pleuralis (Coquillett, 1904) Central America EU435522 EU435576 EU435850 EU435776 EU435908 EU435628 EU435701 EU436032 EU435975 EU436088
Archisepsis priapus Silva, 1993 Ecuador EU435523 EU435577 EU435851 EU435826 EU435909 EU435629 EU435702 EU436033 EU435976 EU436089
Archisepsis discolor (Loew, 1861) Central America EU435524 EU435578 EU435852 EU435777 EU435910 EU435630 EU435703 EU436034 EU435977 (N/A)
Sepsis (Australosepsis) frontalis (Walker, 1860) Asian EU435525 EU435579 EU435853 EU435778 EU435911 EU435631 EU435704 EU436035 EU435978 EU436090
Sepsis (Australosepsis) niveipennis (Becker, 1903) Asian EU435526 EU435580 EU435854 EU435779 EU435912 EU435632 EU435705 EU436036 EU435979 EU436091
Decachaetophora aeneipes (de Meijere, 1913) USA EU435527 EU435581 EU435855 EU435780 EU435913 EU435633 EU435706 EU436037 EU435980 (N/A)
Dicranosepsis cf parva Iwasa, 1984 Asian EU435528 (N/A) EU435856 EU435781 EU435914 EU435634 EU435707 EU436038 EU435981 EU436092
Dicranosepsis cf sauteri Ozerov, 2003 Asian EU435529 EU435582 EU435857 EU435782 EU435915 EU435635 EU435708 EU436039 EU435982 EU436093
Dicranosepsis crinita Duda, 1926 Singapore EU435530 EU435583 EU435858 EU435783 EU435916 EU435636 EU435709 EU436040 EU435983 (N/A)
Dicranosepsis distincta Iwasa & Tewari, 1990 Asian EU435531 EU435584 EU435859 EU435784 EU435917 EU435637 EU435710 EU436041 EU435984 EU436094
Dicranosepsis emiliae Ozerov, 1992 Viernam EU435532 EU435585 EU435860 EU435785 EU435918 EU435638 EU435711 EU436042 EU435985 EU436095
Dicranosepsis hamata (de Meijere, 1911) China EU435533 EU435586 EU435861 EU435786 EU435919 EU435639 EU435712 EU436043 EU435986 EU436096
Dicranosepsis javanica (de Meijere, 1904) China EU435534 EU435587 EU435862 EU435787 EU435920 EU435640 EU435713 EU436044 EU435987 EU436097
Dicranosepsis olfactoria Iwasa, 1984 China EU435535 EU435588 EU435863 EU435788 EU435921 EU435641 EU435714 EU436045 EU435988 EU436098
Dicranosepsis papuana Ozerov, 1997 Papua New Guinea EU435536 EU435589 EU435864 EU435789 EU435922 EU435642 EU435715 EU436046 EU435989 EU436099
Dicranosepsis unipilosa Duda, 1926 China EU435537 EU435590 EU435865 EU435790 EU435923 EU435643 EU435716 EU436047 EU435990 EU436100
Sepsis (Lasionemopoda) hirsuta (de Meijere, 1906) Australia EU435538 EU435591 EU435866 EU435791 (N/A) EU435644 EU435717 EU436048 EU435991 (N/A)
Meroplius fukuharai (Iwasa, 1984) China EU435539 EU435592 EU435867 EU435792 EU435924 EU435645 EU435718 EU436049 EU435992 EU436101
Meroplius minutus (Wiedemann, 1830) USA EU435540 EU435593 EU435868 EU435793 EU435925 EU435646 EU435719 (N/A) EU435993 (N/A)
Microsepsis armillata (Melander & Spuler, 1917) South America EU435541 (N/A) EU435869 EU435794 (N/A) EU435647 EU435720 EU436050 EU435994 EU436102
Microsepsis furcata (Melander & Spuler, 1917) Central America EU435542 EU435594 EU435870 EU435795 EU435926 (N/A) EU435721 EU436051 EU435995 (N/A)
Nemopoda nitidula (Fallén, 1820) Germany AJ844291 AJ843096 AJ841752 AJ832107/EU435827EU435927 EU435648 EU435722 EU436052 AJ829533 EU436103
Ortalischema albitarse (Zetterstedt, 1847) Sweden AJ844290 AJ843095 AJ841751 EU435796 EU435928 EU435649 EU435723 EU436053 AJ829536 (N/A)
Orygma luctuosum Meigen, 1830 Isle of Man AJ844289 AJ843094 AJ841750 AJ832105/EU435828EU435929 EU435650 EU435724 (N/A) AJ829534 (N/A)
Archisepsis (Palaeosepsis) pusio (Schiner, 1868) Nicaragua EU435543 (N/A) EU435871 EU435797 EU435930 EU435651 EU435725 EU436054 EU435996 (N/A)
Parapalaeosepsis apicalis (de Meijere, 1906) Papua New Guinea EU435544 EU435595 EU435872 EU435798 EU435931 EU435652 EU435726 (N/A) EU435997 EU436104
Parapalaeosepsis plebeia (de Meijere, 1906) Papua New Guinea EU435545 EU435596 EU435873 EU435799 EU435932 EU435653 EU435727 (N/A) EU435998 EU436105
Paratoxopoda amonane Vanschuytbroeck, 1961 South Africa EU435546 EU435597 EU435874 EU435800 EU435933 EU435654 EU435728 EU436055 EU435999 EU436106
Paratoxopoda depilis Walker, 1849 Ivory Coast EU435547 (N/A) (N/A) (N/A) EU435934 EU435655 EU435729 (N/A) EU436000 EU436107
Toxopoda (Platytoxopoda) sp. Ivory Coast EU435548 EU435598 EU435875 EU435801 EU435935 EU435656 EU435730 EU436056 EU436001 (N/A)
Saltella bezzii (Duda, 1926) South Africa EU435549 EU435599 EU435876 EU435802 EU435936 EU435657 EU435731 EU436057 EU436002 EU436108
Saltella nigripes Robineau-Desvoidy, 1830 Germany EU435550 EU435600 EU435877 EU435803 EU435937 EU435658 EU435732 EU436058 EU436003 EU436109
Saltella sphondylii (Schrank, 1803) Germany AJ844292 AJ843097 AJ841753 AJ832108/EU435829EU435938 EU435659 EU435733 EU436059 AJ829535 EU436110
Sepsis biflexuosa Strobl, 1893 Turkey EU435551 EU435601 EU435878 EU435804 EU435939 EU435660 EU435734 EU436060 (N/A) (N/A)
Sepsis coprophila de Meijere, 1906 China EU435552 (N/A) EU435879 EU435830 EU435940 (N/A) EU435735 EU436061 EU436004 (N/A)
Sepsis cynipsea (Linnaeus, 1758) Switzerland EU435553 EU435602 EU435880 EU435805 EU435941 EU435661 EU435736 (N/A) EU436005 EU436111
Sepsis dissimilis Brunetti, 1909 Egypt EU435554 EU435603 EU435881 EU435806 EU435942 EU435662 EU435737 (N/A) EU436006 (N/A)
Sepsis duplicata Haliday, 1838 Denmark EU435555 EU435604 EU435882 EU435807 EU435943 EU435663 EU435738 EU436062 EU436007 EU436112
Sepsis fissa Becker, 1903 Turkey EU435556 EU435605 EU435883 EU435808 EU435944 EU435664 EU435739 (N/A) EU436008 (N/A)
Sepsis flavimana Meigen, 1826 Germany EU435557 (N/A) EU435884 EU435809 EU435945 EU435665 EU435740 EU436063 EU436009 EU436113
Sepsis fulgens Meigen, 1826 Germany EU435558 EU435606 EU435885 EU435810 EU435946 EU435666 EU435741 EU436064 EU436010 EU436114
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 Supplementary Table 1 (continue) 
 
 
Taxa Author name Locality 12S 16S COII COI CYTB 18S 28S AATS Ef1a H3
Allosepsis (Sepsis) sp.1 Wiedemann, 1824 Malaysia. Malacca EU435559 EU435607 EU435886 EU435811 EU435947 EU435667 EU435742 EU436065 EU436011 EU436115
Sepsis lateralis Wiedemann, 1830 Indonesia EU435560 EU435608 EU435887 EU435812 EU435948 EU435668 EU435743 EU436066 EU436012 EU436116
Sepsis latiforceps (monostigma ) Thomson, 1869 China EU435561 EU435609 EU435888 EU435813 EU435949 EU435669 EU435744 (N/A) EU436013 (N/A)
Sepsis neglecta Ozerov, 1986 USA EU435562 EU435610 EU435889 EU435814 EU435950 EU435670 EU435745 (N/A) EU436014 (N/A)
Sepsis neocynipsea Melander & Spuler, 1917 USA EU435563 EU435611 EU435890 EU435815 EU435951 EU435671 EU435746 EU436067 EU436015 EU436117
Sepsis nitens Wiedemann, 1824 Pakistan EU435564 EU435612 EU435891 EU435816 EU435952 EU435672 EU435747 (N/A) EU436016 EU436118
Sepsis orthocnemis Frey, 1908 Denmark EU435565 EU435613 EU435892 EU435817 EU435953 EU435673 EU435748 EU436068 EU436017 EU436119
Sepsis punctum (Fabricius, 1794) USA EU435566 EU435614 EU435893 EU435831 EU435954 EU435674 EU435749 EU436069 EU436018 EU436120
Sepsis secunda Melander & Spuler, 1917 USA EU435567 EU435615 EU435894 EU435818 EU435955 EU435675 EU435750 (N/A) EU436019 EU436121
Sepsis thoracica (Robineau-Desvoidy, 1830) Germany EU435568 EU435616 EU435895 EU435819 EU435956 EU435676 EU435751 EU436070 EU436020 EU436122
Sepsis violacea Meigen, 1826 Switzerland EU435569 EU435617 EU435896 EU435820 EU435957 EU435677 EU435752 EU436071 EU436021 EU436123
Susanomira caucasica Pont, 1987 Russia EU435570 EU435618 EU435897 EU435821 EU435958 EU435678 EU435753 (N/A) EU436022 (N/A)
Themira annulipes (Meigen, 1826) Germany AJ844294 AJ843099 AJ841755 AJ832110/EU435832EU4 5959 EU435679 EU435754 EU436072 AJ829538 EU436124
Themira arctica (Becker in Becker et al ., 1915) Iceland AJ844295 AJ843100 AJ841756 AJ832111/EU435833EU4 5960 EU435680 EU435755 EU436073 AJ829539 (N/A)
Themira biloba Andersson, 1975 USA AJ844296 AJ843101 AJ841757 AJ832112/EU435834EU4 5961 EU435681 EU435756 EU436074 AJ829540 (N/A)
Themira flavicoxa Melander & Spuler, 1917 USA AJ844297 AJ843102 AJ841758 EU435822 EU435962 EU435682 EU435757 EU436075 AJ829541 (N/A)
Themira leachi (Meigen, 1826) Cuba AJ844299 AJ843104 (N/A) EU435823 EU435963 EU435683 EU435758 EU436076 EU436023 (N/A)
Themira lucida (Staeger in Schixdte, 1844) Germany AJ844300 AJ843105 AJ841760 AJ832115/EU435835EU4 964 EU435684 EU435759 EU436077 AJ829542 (N/A)
Themira minor (Haliday, 1833) USA AJ844301 AJ843106 AJ841761 AJ832116/EU435836EU4 5965 EU435685 EU435760 EU436078 AJ829543 (N/A)
Themira nigricornis (Meigen, 1826) Sweden AJ844302 AJ843107 AJ841762 AJ832117/EU435837EU4 5966 EU435686 EU435761 EU436079 AJ829544 (N/A)
Themira pusilla (Zetterstedt, 1847) Iceland AJ844303 AJ843108 AJ841763 AJ832118/EU435838EU4 5967 EU435687 EU435762 EU436080 AJ829545 (N/A)
Themira putris  (Linnaeus, 1758) Germany AJ844304 AJ843109 AJ841764 AJ832119/EU435839EU4 5968 EU435688 EU435763 EU436081 AJ829546 (N/A)
Themira superba (Haliday, 1833) Germany AJ844305 AJ843110 AJ841765 AJ832120/EU435840EU435969 EU435689 EU435764 EU436082 AJ829547 (N/A)
Toxopoda  sp. 1 Thailand EU435571 EU435619 EU435898 EU435824 EU435970 EU435690 EU435765 EU436083 EU436024 (N/A)
Toxopoda sp. 2 Singapore EU435572 (N/A) EU435899 EU435841 EU435971 EU435691 EU435766 EU436084 EU436025 (N/A)
Zuskamira inexpectata Pont, 1987 Finland AJ844293 AJ843098 AJ841754 EU435825 EU435972 EU435692 EU435767 EU436085 AJ829537 (N/A)
Appendix 1 - 34












MP(indel = ?) 








MP(indel = ?) 





































































































































































































































































































































































































































































































Supplementary Table 2 Topological differences between MP, ML and BI analyses with support 
Appendix 1 - 35 
Trees Conflict Area 1 Conflict Area 2 Conflict Area 3 Conflict Area 4 Conflict Area 5 
Subset1 
ML(one 
partition) N.A. N.A. 
ML(partitioned 
by genes) N.A. N.A. 
ML(partitioned 






MP(indel = ?) N.A. N.A. unresolved 
MP(indel = 5th) N.A. N.A. 
Subset2 
ML(one 
partition) N.A. N.A. 
ML(partitioned 
by genes) N.A. N.A. 
ML(partitioned 






MP(indel = ?) N.A. N.A. 




























































































































































































































































































































































Supplementary Table 2 (continue) 
Appendix 1 - 36 
 Appendix 2 
 
Supplementary tables and figures for Chapter 3 
 
 
Lei et al. (2013): Dataset1: ML(all), BI(all) 
                            Dataset2: ML(all) 
                            Subset1: ML(all) , BI(all) 
                            Subset2: ML(all), BI(all) 
Su et al. (2008): BI 
Dataset 1: ML(partition=codon); ML(3rd excluded) 
                   ML(Codon Model); ML(AA);  
                   ML(PartitionFinder) 
Dataset 2: ML(all) 
Lei et al. (2013): Subset1: MP(indel=5th) Lei et al. (2013): Dataset1: MP(indel=?) 
                            Subset2: MP(all)  
Su et al.(2008): MP(all) 
Conflict Area 1 
Topology 1-1 
Unresolved: Lei et al. (2013): Dataset1: MP(indel=5th), Subset1: MP(indel=?) 
Topology 1-2 Topology 1-3 Topology 1-4 
Lei et al. (2013): Dataset2: MP(all) 
Dataset 1: ML(partition=one) 
Conflict Area 2 
Unresolved: Lei et al. (2013): Dataset1: MP(indel=5th) 

























Lei et al. (2013): Dataset2: MP(all) 
* Subset1&2 do not include Perochaeta 
Lei et al. (2013): Dataset1: ML(all), BI(all) 
                            Subset1: ML(all), BI(all) 
                            Subset2*: ML(partition=one), BI(all) 









Dataset2: MP              Dataset1: MP(indel=?)               
Topology 1-5 
Lei et al. (2013): Subset2*: ML(partition=genes, codons) 
                            Dataset2: ML(partition=genes, codons) 









Lei et al. (2013): Subset1&2*: MP:(all) 
Su et al.(2008): MP(all) 























Dataset1: MP(indel=?)  








                  ML(3rd excluded),  








Dataset1: ML(partition=one)  

















Dataset2: MP  







Dataset1: MP(AA)  

































Dataset1: MP(3rd excluded)  















Supplementary Fig. 1 Topological differences between MP and ML analyses (Dataset 1= mitochondrial dataset; 
Dataset 2 = combined dataset, see text; Lei et al. (2013) = relationships in Chapter 2; Su et al. (2008) = relationships 
in previous analysis).  
























































Brachythoracosepsis sp. (Comores Islands)




















Microsepsis furcata (South America)
Decachaetophora aeneipes
Dicranosepsis hamata
Meropliosepsis sexsetosa (South America)





































Archisepsis discolor (South America)
Dicranosepsis sp. 'Ipon'
Brachythoracosepsis butikensis





































































































































































Microsepsis furcata (Central America)
Archisepsis pusio (Nicaragua)
Sepsis hirsuta













Meropliosepsis sexsetosa (South America)
Saltella sphondylii
Allosepsis sp. 8






























































Dicranosepsis sp. ‘fake revocans’
Dicranosepsis crinita
















































































































































Appendix 2 - 3
Dicranosepsis transita
Sepsis fissa






























Archisepsis discolor (Central America)

































































































































































































































Appendix 2 - 4
Supplementary Material 1. ML Best-fitted models for all datasets used in current study 
 
Dataset 1: 
1. One partition for all data: GTR+I+G 
2. Codon position partition: 
Mitochondrial genes 1st & 2nd codon position: GTR+I+G 
Mitochondrial genes 3rd codon position: TVM+I+G 
lrRNA: GTR+I+G 
srRNA: TVM+I+G 
3. Codon position partition without 3rd position: 
Mitochondrial genes 1st & 2nd codon position: GTR+I+G 
lrRNA: GTR+I+G 
srRNA: TVM+I+G 
4. Codon Model:  
Protein codon genes: GY 
rRNA: GTR+G 
5. Amino acid model: 
Amino acid of protein codon genes: MtREV+I+G+F 
rRNA: GTR+G 
6. Partition finder (pos: codon position): 
Subset   Subset Partitions                Best Model  
1  ATP6_pos1                        GTR+I+G     
2  ATP6_pos2, COIII_pos2, COII_pos2   GTR+I+G     
3  ATP6_pos3, ATP8_pos3, COI_pos3   GTR+I+G     
4  ATP8_pos1                        GTR+G       
5  ATP8_pos2, NADH2_pos2, NADH6_pos2   GTR+I+G     
6  COIII_pos1                       GTR+I+G     
7  COIII_pos3, CYTB_pos3            GTR+G       
8  COII_pos1, COI_pos1              GTR+I+G     
9  COII_pos3                        GTR+I+G     
10  COI_pos2                         GTR+I+G     
11  CYTB_pos1                        GTR+I+G     
12  CYTB_pos2, NADH1_pos2, NADH3_pos2   GTR+I+G     
13  NADH1_pos1                       GTR+I+G     
14  NADH1_pos3                       GTR+I+G     
15  NADH2_pos1, NADH3_pos1           GTR+I+G     
16  NADH2_pos3                       GTR+I+G     
17  NADH3_pos3, NADH6_pos3           GTR+I+G     
18  NADH4L_pos1, NADH4_pos1, NADH5_pos1   GTR+I+G     
19  NADH4L_pos2, NADH4_pos2, NADH5_pos2   GTR+I+G     
20  NADH4L_pos3, NADH4_pos3, NADH5_pos3   GTR+I+G     
21  NADH6_pos1                       GTR+I+G     
22  LrRNAdna                         GTR+I+G     
23  SrRNAdna                         GTR+I+G     
 
 
Appendix 2 - 5
Dataset 2: 
1. One partition for all data: GTR+I+G 
2. Codon position partition: 
Mitochondrial genes 1st & 2nd codon position: TIM1+I+G 
Mitochondrial genes 3rd codon position: TVM+I+G 
Nuclear genes 1st & 2nd codon position: GTR+G 
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Sepsis cynipsea Sweden RNAlater Trizol Illuminar Hiseq2000 27,487,372 90 90 27,487,372 90 30 51,910 466 10 17,556 683.2 663.2 11,643,139.2
Themira superba Germany RNAlater Trizol Illuminar Hiseq2000 27,311,876 90 90 27,311,876 90 30 45,137 540 10 16,592 822.1 802.1 13,308,443.2
Perochaeta dikowi Frazer's Hill Liquid N2 RNeasy Mini Kit Illuminar Hiseq2000 33,422,194 76 76 33,050,192 72 30 40,814 581 10 16,837 821.9 801.9 13,501,590.3
Meropliosepsis sexsetosa Brazil Liquid N2 RNeasy Mini Kit Illuminar Hiseq2000 34,799,368 76 76 34,429,842 72.1 30 39,879 692 10 17,162 1,025.5 1,005.5 17,256,391.0
Meroplius albuquerquei Brazil Liquid N2 RNeasy Mini Kit Illuminar Hiseq2000 31,372,514 76 76 31,070,771 72.5 30 33,898 799 10 14,311 1,279.8 1,259.8 18,028,997.8
Paratoxopoda similis Congo Liquid N2 RNeasy Mini Kit Illuminar Hiseq2000 37,629,898 76 76 37,225,280 72 30 29,774 872 10 12,494 1,436.9 1,416.9 17,702,748.6
Orygma luctuosum Hornbaek, Denmark Liquid N2 RNeasy Mini Kit Illuminar Hiseq2000 30,736,576 76 76 30,405,363 72.1 30 30,859 718 10 11,689 1,189.8 1,169.8 13,673,792.2
Decachaetophora aeneipes Tiilden Park, Berkeley, CA, USA Liquid N2 RNeasy Mini Kit Illuminar Hiseq2000 35,295,324 76 76 34,940,017 72.2 30 33,461 754 10 13,709 1,193.7 1,173.7 16,090,253.3
Ortalischema albitarse Orebro, Sweden Liquid N2 RNeasy Mini Kit Illuminar Hiseq2000 37,434,862 76 76 37,128,706 73 30 10,553 424 2 10,338 428.1 408.1 4,218,937.8
Nemopoda nitidula Hamilton USA Liquid N2 RNeasy Mini Kit Illumina MiSeq  10,280,064 250 183.3 10,226,275 171.9 50 49,116 512 5 15,477 882.7 862.8 13,353,555.6
Microsepsis mitis Costa Rica Liquid N2 RNeasy Mini Kit Illumina MiSeq  12,076,674 250 185.7 12,021,503 175.3 50 59,874 538 5 19,531 935.9 915.9 17,888,442.9
Archisepsis ecalcarata Houston, Texas, USA Liquid N2 RNeasy Mini Kit Illumina MiSeq  8,845,374 250 199.9 8,812,222 191.6 50 40,648 709 5 13,334 1,286.4 1,266.4 16,886,177.6
Sepsis neocynipsea Switweland Liquid N2 RNeasy Mini Kit Illumina MiSeq  10,623,364 250 201.9 10,565,618 190.2 50 57,863 584 5 19,298 1,008.9 988.9 19,083,792.2
Toxopoda sp. Singapore Diary farm Liquid N2 Trizol Illumina MiSeq  10,466,392 250 206 10,367,383 187.4 50 42,181 716 5 18,155 1,179.8 1,159.8 21,056,169.0
Allosepsis indica Bali, Indonesia Liquid N2 RNeasy Micro Kit Illumina MiSeq  14,847,032 300 252.9 14,709,645 217.9 64 59,359 656 5 17,801 1,254.2 1,234.2 21,969,994.2
Saltella sphondylii Rostock,Germany RNAlater RNeasy Micro Kit Illumina MiSeq  15,383,596 300 261.4 15,208,740 218.4 64 96,844 476 5 18,723 923.3 903.3 16,912,485.9
Dicranosepsis distincta Tioman, Malaysia Liquid N2 RNeasy Micro Kit Illumina MiSeq  14,743,604 300 249.2 14,576,531 209.3 64 108,003 482 5 31,306 799.5 779.5 24,403,027.0
Meroplius fasciculata 1KITE N.A. N.A. Illumina HiSeq 29,812,652 150 150 29,812,652 149.8 40 60,939 597 5 25,965 900.2 880.2 22,854,393.0
Calliphora vomitoria 1KITE N.A. N.A. Illumina HiSeq 25,371,870 150 150 25,371,870 148.6 40 56,063 474 5 17,396 785 764.8 13,304,460.8
Limnia unguicornis 1KITE N.A. N.A. Illumina HiSeq 20,101,346 150 150 20,096,113 142.2 40 64,921 474 5 18,026 848.0 828.0 14,925,528.0
Drosophila melanogaster OrthoDB & Flybase N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A.
AVERAGE VALUE  (without O.alb  & D.mel ) 17,651 993.5 17,044,388.5
Mitochogenomic Data
Archisepsis armata Brazil Liquid N2 Mitochondrial Isolation Kit
Allosepsis indica Tioman, Malaysia Liquid N2 Mitochondrial Isolation Kit
Dicranosepsis crinita Malaysia Liquid N2 Mitochondrial Isolation Kit
Meroplius sauteri Nee Soon Forest, Singapore Liquid N2 Mitochondrial Isolation Kit
Microsepsis armillata Costa Rica Liquid N2 Mitochondrial Isolation Kit
Sepsis lateralis Kg Jawa, Sulawesi Liquid N2 Mitochondrial Isolation Kit
Sepsis latiforceps Sapa Valley Liquid N2 Mitochondrial Isolation Kit
Themira biloba Munich Liquid N2 Mitochondrial Isolation Kit
Themira minor Restock, Germany Liquid N2 Mitochondrial Isolation Kit
Themira nigricornis Hamilton USA Liquid N2 Mitochondrial Isolation Kit
Supplementary Table 1: Taxom Sampling Information and NGS Data Mining Summary
Illumina MiSeq Pool  5,844,638 150 5,813,993 146.4 43,799 377 16,512,501.02150 11,270 N.A. N.A.40
Appendix 2 - 7
Gene Primer Name Nucleotide Sequence (5'‐3') Annealing temperature (°C) Source
ATP6/COIII‐F TATRGTRTGTATTGAAACWATTAG 47 Current Study
ATP6/COIII‐R CTCAWGTTACDGTAACTCC
ND2‐F TTCTTGGTTAGGAGCWTGAATAGG 50 Current Study
ND2‐R GCWGAAATTATTCATCTTAARTG
ND3/ND5‐F TGGATTTGACCCAAAATCTTC 51 Current Study
ND3/ND5‐R AAATCTTTTGATCARGGTTGATC
ND5/ND4‐F ATTGCYCATGGWTTATGTTCWTC 53 Current Study
ND5/ND4‐R ACATCWCCAATYCGATTWGAYAAAG
COIa‐F TACAATTTATCGCCTAAACTTCAGCC 44/48 Su et al., 2008
COIa‐R CCCGGTAAAATTAAAATATAAACTTC
CYTB‐F TATGTTTTATGAGGACAAATATC 48 Su et al., 2008
CYTB‐R AAATTCTATCTTATGTTTCAAAAC
12S‐F AAACTAGGATTAGATACCCTATTA 48/50 Su et al., 2008
12S‐R CCCTGATACACAAGGTA
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Taxa Author name Locality Source 12S 16S COII COI CYTB 18S 28S AATS EF1A H3 ATP6 ATP8 COIII NADH1 NADH2 NADH3 NADH4 NADH4L NADH5 NADH6
Adriapontia capensis (Hennig, 1960) Suthe Africa Lei et al. (2013) KF199437 (N/A) KF199627 KF199801 KF199675 KF199533 KF199579 KF199768 (N/A) KF199723 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Allosepsis  sp. 2 (Wiedemann, 1824) Vietnam.Ba Vi Lei et al. (2013) KF199438 KF199487 KF199628 KF199802 KF199676 KF199534 KF199580 KF199769 (N/A) KF199724 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Allosepsis  sp. 3 (Wiedemann, 1824) Malaysia.Frazers Hill Lei et al. (2013) KF199439 KF199488 KF199629 KF199803 KF199677 KF199535 KF199581 KF199770 (N/A) KF199725 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Allosepsis  sp. 4 (Wiedemann, 1824) India.Chennai Lei et al. (2013) KF199440 KF199489 KF199630 KF199804 KF199678 KF199536 KF199582 KF199771 KF199743 KF199726 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Allosepsis  sp. 5 (Wiedemann, 1824) Malaysia.Penang Lei et al. (2013) KF199441 KF199490 KF199631 KF199805 KF199679 KF199537 KF199583 KF199772 KF199744 KF199727 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Allosepsis  sp. 6 (Wiedemann, 1824) Philipines.Los Baños Lei et al. (2013) KF199442 KF199491 KF199632 KF199806 KF199680 KF199538 KF199584 (N/A) KF199745 KF199728 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Allosepsis  sp. 7 (Wiedemann, 1824) Indonesia.Sulawesi Lei et al. (2013) KF199443 KF199492 KF199633 KF199807 KF199681 KF199539 KF199585 KF199773 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Allosepsis  sp. 8 (Wiedemann, 1824) Malaysia.Terrenganu Lei et al. (2013) KF199444 KF199493 KF199634 KF199808 KF199682 KF199540 KF199586 KF199774 KF199746 KF199729 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Allosepsis  sp. 9 (Wiedemann, 1824) Malaysia.Tioman Lei et al. (2013) & Current study KF199445 KF199494 KF199635 KF199809 KF199683 KF199541 KF199587 (N/A) (N/A) (N/A) 678 bp 168 bp 789 bp 939 bp 1023 bp 354 bp 1338 bp 291 bp 1725 bp 522 bp
Archisepsis armata (Schiner, 1868) South America Lei et al. (2013) & Current study KF199446 KF199495 KF199636 KF199810 KF199684 KF199542 KF199588 KF199775 (N/A) (N/A) 678 bp 168 bp 651 bp 939 bp 1023 bp 354 bp 1338 bp 291 bp 1725 bp 522 bp
Archisepsis discolor (Bigot, 1857) South America Lei et al. (2013) KF199447 (N/A) KF199637 KF199811 KF199685 KF199543 KF199589 (N/A) (N/A) KF199730 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Archisepsis ecalcarata (Thompson, 1869) South America  Lei et al. (2013) & Current study KF199448 KF199496 KF199638 KF199812 (N/A) KF199544 KF199590 KF199776 KF199747 (N/A) 678 bp 168 bp 777 bp 939 bp 1023 bp 351 bp 1338 bp 291 bp 1722 bp 459 bp
Archisepsis pusio (Schiner, 1868) South America Lei et al. (2013) KF199449 KF199497 KF199639 KF199813 KF199686 KF199545 KF199591 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Archisepsis  sp. Central America Lei et al. (2013) KF199450 KF199498 KF199640 KF199814 KF199687 KF199546 KF199592 KF199777 KF199748 KF199731 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Brachythoracosepsis butikensis (Vanschuytbroeck, 1963) Congo DRC Lei et al. (2013) KF199451 KF199499 KF199641 KF199815 KF199688 KF199547 KF199593 KF199778 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Brachythoracosepsis freidbergi Ozerov, 1996 Congo DRC Lei et al. (2013) KF199452 KF199500 KF199642 KF199816 KF199689 KF199548 KF199594 KF199779 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Brachythoracosepsis pseudonotosa (Ozerov, 1990) Congo DRC Lei et al. (2013) KF199453 KF199501 KF199643 KF199817 KF199690 KF199549 KF199595 KF199780 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Brachythoracosepsis ruanolieusis (Vanschuytbroeck, 1963) Congo DRC Lei et al. (2013) KF199454 KF199502 KF199644 KF199818 KF199691 KF199550 KF199596 KF199781 KF199749 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Brachythoracosepsis saothomensis Ozerov, 2000 Congo DRC Lei et al. (2013) KF199455 KF199503 KF199645 KF199819 KF199692 KF199551 KF199597 KF199782 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Brachythoracosepsis  sp. Comores Islands Lei et al. (2013) KF199456 KF199504 KF199646 KF199820 (N/A) KF199552 KF199598 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Dicranosepsis planitarsis Ozerov, 1994 Vietnam Lei et al. (2013) KF199457 KF199505 KF199647 KF199821 KF199693 (N/A) KF199599 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Dicranosepsis revocans Singapore Lei et al. (2013) KF199458 KF199506 KF199648 KF199822 KF199694 KF199553 KF199600 KF199783 KF199750 KF199732 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Dicranosepsis  sp. ‘fake revocans’ Malysia Lei et al. (2013) KF199459 KF199507 KF199649 KF199823 KF199695 KF199554 KF199601 KF199784 KF199751 KF199733 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Dicranosepsis takoensis (Vanschuytbroeck, 1963) China Lei et al. (2013) KF199460 KF199508 KF199650 KF199824 KF199696 KF199555 KF199602 KF199785 KF199752 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Dicranosepsis transita Ozerov, 1997 Asian Lei et al. (2013) KF199461 KF199509 KF199651 KF199825 KF199697 KF199556 KF199603 KF199786 KF199753 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Leptomerosepsis simplicicrus (Duda, 1926) Congo DRC Lei et al. (2013) KF199462 KF199510 KF199652 KF199826 KF199698 KF199557 KF199604 KF199787 KF199754 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Meropliosepsis sexsetosa Duda, 1926 French Guiana Lei et al. (2013) KF199463 KF199511 KF199653 KF199827 KF199699 KF199558 KF199605 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Meropliosepsis sexsetosa Duda, 1926 South America Lei et al. (2013) & Current study KF199464 KF199512 KF199654 KF199828 KF199700 KF199559 KF199606 (N/A) KF199755 KF199734 678 bp 168 bp 786 bp 939 bp 1023 bp 351 bp 1335 bp 159 bp 1716 bp (N/A)
Meroplius alberquerquei Silva, 1990 South America Lei et al. (2013) & Current study KF199465 KF199513 (N/A) KF199829 KF199701 KF199560 KF199607 (N/A) KF199756 KF199735 678 bp 168 bp 789 bp 939 bp 1023 bp 351 bp 1338 bp (N/A) 1638 bp 519 bp
Meroplius fasciculata (Brunetti, 1910) Indonesia Lei et al. (2013) & 1 KITE KF199466 KF199514 KF199655 KF199830 KF199702 KF199561 (N/A) KF199788 KF199757 (N/A) 678 bp (N/A) (N/A) 591 bp (N/A) (N/A) 957 bp (N/A) 1575 bp (N/A)
Microsepsis armillata (Ozerov, 1998) Central America Lei et al. (2013) KF199467 KF199515 KF199656 KF199831 KF199703 KF199562 KF199608 KF199789 KF199758 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Microsepsis furcata (Melander & Spuler, 1917) South America Lei et al. (2013) KF199468 KF199516 KF199657 KF199832 KF199704 KF199563 KF199609 (N/A) KF199759 KF199736 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Microsepsis mitis (Curran, 1927) Central America Lei et al. (2013) & Current study KF199469 KF199517 KF199658 KF199833 KF199705 KF199564 KF199610 KF199790 (N/A) (N/A) 306 bp 168 bp 786 bp 939 bp 1023 bp 351 bp 1338 bp 291 bp 1716 bp 519 bp
Microsepsis  sp. Central America Lei et al. (2013) & Current study KF199470 KF199518 KF199659 KF199834 KF199706 KF199565 KF199611 KF199791 KF199760 KF199737 678 bp 168 bp 789 bp 939 bp 1023 bp 354 bp 1338 bp 291 bp 1725 bp 522 bp
Nemopoda speiseri (Duda, 1926) Sweden Lei et al. (2013) KF199471 (N/A) KF199660 KF199835 KF199707 KF199566 KF199612 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Palaeosepsis bucki Ozerov, 2004 Central America Lei et al. (2013) KF199472 KF199519 KF199661 KF199836 KF199708 KF199567 KF199613 KF199792 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Palaeosepsis golovastik Ozerov, 2004 Panama Lei et al. (2013) KF199473 KF199520 KF199662 KF199837 KF199709 KF199568 (N/A) (N/A) KF199761 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Paratoxopoda similis Ozerov, 1993 Congo DRC Lei et al. (2013) & Current study KF199474 KF199521 KF199663 KF199838 KF199710 (N/A) KF199614 KF199793 (N/A) KF199738 678 bp 168 bp 786 bp 927 bp 1023 bp 342 bp 1338 bp 285 bp 1686 bp 318 bp
Perochaeta cuirassa Ang, 2010 Vietnam Lei et al. (2013) KF199475 KF199522 KF199664 KF199839 KF199711 KF199569 KF199615 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Perochaeta dikowi Ang, 2008 Asian Lei et al. (2013) & Current study KF199476 KF199523 KF199665 KF199840 KF199712 KF199570 KF199616 (N/A) KF199762 (N/A) 678 bp 168 bp 789 bp 939 bp 1023 bp 351 bp 1338 bp 291 bp 1628 bp 519 bp
Perochaeta lobo Ang, 2010 Vietnam Lei et al. (2013) KF199477 KF199524 KF199666 KF199841 KF199713 KF199571 KF199617 KF199794 KF199763 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Perochaeta orientalis (de Meijere, 1913) Asian Lei et al. (2013) KF199478 KF199525 KF199667 KF199842 KF199714 KF199572 KF199618 KF199795 (N/A) KF199739 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Pseudopalaeosepsis nigricoxa Ozerov, 1992 Panama Lei et al. (2013) KF199479 (N/A) KF199668 KF199843 KF199715 (N/A) KF199619 KF199796 KF199764 KF199740 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Sepsis arotrolabis Duda, 1926 South Africa Lei et al. (2013) KF199480 KF199526 KF199669 KF199844 KF199716 KF199573 KF199620 KF199797 (N/A) KF199741 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Sepsis niveipennis (Becker, 1903) African Lei et al. (2013) KF199481 KF199527 KF199670 KF199845 KF199717 KF199574 KF199621 KF199798 KF199765 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Sepsis pyrrhosoma Melander & Spuler, 1917 USA Lei et al. (2013) KF199482 KF199528 (N/A) KF199846 KF199718 (N/A) KF199622 KF199799 KF199766 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Sepsis sepsi Ozerov, 2003 Vietnam Lei et al. (2013) KF199483 KF199529 KF199671 KF199847 KF199719 KF199575 KF199623 (N/A) KF199767 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Sepsis  sp. (Isangi) Congo DRC Lei et al. (2013) KF199484 KF199530 KF199672 KF199848 KF199720 KF199576 KF199624 KF199800 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Themira gracilis (Zetterstedt, 1847) Finland Lei et al. (2013) KF199485 KF199531 KF199673 KF199849 KF199721 KF199577 KF199625 (N/A) (N/A) KF199742 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Toxopoda soror (Munari, 1994) Congo DRC Lei et al. (2013) KF199486 KF199532 KF199674 KF199850 KF199722 KF199578 KF199626 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Lopa convexa  McAlpine 1991 (Coelopidae) N.A. Su et al. (2008) EU435514 AF403450 EU435842 EU435768 EU435900 EU435620 EU435693 EU436026 AY048515 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Gluma nitida  McAlpine 1991 (Coelopidae) N.A. Su et al. (2008) EU435516 AF403468 EU435844 EU435770 EU435902 EU435622 EU435695 EU436028 AY048533 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Icaridion debile  (Lamb, 1909) (Coelopidae) N.A. Su et al. (2008) EU435515 AF403469 EU435843 EU435769 EU435901 EU435621 EU435694 EU436027 AY048534 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Helcomyza mirabilis  Melander 1920 (Helcomyzidae) N.A. Su et al. (2008) EU435517 AF403449 EU435845 EU435771 EU435903 EU435623 EU435696 (N/A) AY048514 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Heterocheila buccata  Rondani, 1857 (Heterocheilidae) Denmark Su et al. (2008) EU435518 AF403446 EU435846 EU435772 EU435904 EU435624 EU435697 EU436029 AY048511 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Willistoniella pleuropunctata (Wiedemann, 1824) (Ropalomeridae) N.A. Su et al. (2008) EU435519 EU435573 EU435847 EU435773 EU435905 EU435625 EU435698 (N/A) EU435973 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Archisepsis diversiformis  Ozerov, 1993 Central America Su et al. (2008) EU435520 EU435574 EU435848 EU435774 EU435906 EU435626 EU435699 EU436030 (N/A) EU436086 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Archisepsis excavata  (Duda, 1926) Central America Su et al. (2008) EU435521 EU435575 EU435849 EU435775 EU435907 EU435627 EU435700 EU436031 EU435974 EU436087 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Archisepsis pleuralis  (Coquillett, 1904) Central America Su et al. (2008) EU435522 EU435576 EU435850 EU435776 EU435908 EU435628 EU435701 EU436032 EU435975 EU436088 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Archisepsis priapus Silva, 1993 Ecuador Su et al. (2008) EU435523 EU435577 EU435851 EU435826 EU435909 EU435629 EU435702 EU436033 EU435976 EU436089 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Archisepsis discolor (Loew, 1861) Central America Su et al. (2008) EU435524 EU435578 EU435852 EU435777 EU435910 EU435630 EU435703 EU436034 EU435977 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Sepsis (Australosepsis) frontalis  (Walker, 1860) Asian Su et al. (2008) EU435525 EU435579 EU435853 EU435778 EU435911 EU435631 EU435704 EU436035 EU435978 EU436090 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Sepsis (Australosepsis) niveipennis (Becker, 1903) Asian Su et al. (2008) EU435526 EU435580 EU435854 EU435779 EU435912 EU435632 EU435705 EU436036 EU435979 EU436091 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Decachaetophora aeneipes  (de Meijere, 1913) USA Su et al. (2008) & current study EU435527 EU435581 EU435855 EU435780 EU435913 EU435633 EU435706 EU436037 EU435980 (N/A) 678 bp 144 bp 789 bp 933 bp 627 bp 351 bp 1338 bp 291 bp 1716 bp 513 bp
Dicranosepsis  cf parva  Iwasa, 1984 Asian Su et al. (2008) EU435528 (N/A) EU435856 EU435781 EU435914 EU435634 EU435707 EU436038 EU435981 EU436092 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Dicranosepsis  cf sauteri  Ozerov, 2003 Asian Su et al. (2008) EU435529 EU435582 EU435857 EU435782 EU435915 EU435635 EU435708 EU436039 EU435982 EU436093 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Dicranosepsis crinita  Duda, 1926 Singapore Su et al. (2008) & current study EU435530 EU435583 EU435858 EU435783 EU435916 EU435636 EU435709 EU436040 EU435983 (N/A) 678 bp 168 bp 789 bp 939 bp 1023 bp 354 bp 1338 bp 291 bp 1725 bp 522 bp
Dicranosepsis distincta  Iwasa & Tewari, 1990 Asian Su et al. (2008) & current study EU435531 EU435584 EU435859 EU435784 EU435917 EU435637 EU435710 EU436041 EU435984 EU436094 678 bp 168 bp 789 bp 939 bp 1023 bp 351 bp 1338 bp 291 bp 1722 bp 519 bp
Dicranosepsis emiliae Ozerov, 1992 Viernam Su et al. (2008) EU435532 EU435585 EU435860 EU435785 EU435918 EU435638 EU435711 EU436042 EU435985 EU436095 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Dicranosepsis hamata (de Meijere, 1911) China Su et al. (2008) EU435533 EU435586 EU435861 EU435786 EU435919 EU435639 EU435712 EU436043 EU435986 EU436096 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Dicranosepsis javanica  (de Meijere, 1904) China Su et al. (2008) EU435534 EU435587 EU435862 EU435787 EU435920 EU435640 EU435713 EU436044 EU435987 EU436097 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Dicranosepsis olfactoria Iwasa, 1984 China Su et al. (2008) EU435535 EU435588 EU435863 EU435788 EU435921 EU435641 EU435714 EU436045 EU435988 EU436098 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Dicranosepsis papuana Ozerov, 1997 Papua New Guinea Su et al. (2008) EU435536 EU435589 EU435864 EU435789 EU435922 EU435642 EU435715 EU436046 EU435989 EU436099 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Dicranosepsis unipilosa  Duda, 1926 China Su et al. (2008) EU435537 EU435590 EU435865 EU435790 EU435923 EU435643 EU435716 EU436047 EU435990 EU436100 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Sepsis (Lasionemopoda) hirsuta  (de Meijere, 1906) Australia Su et al. (2008) EU435538 EU435591 EU435866 EU435791 (N/A) EU435644 EU435717 EU436048 EU435991 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Meroplius fukuharai  (Iwasa, 1984) China Su et al. (2008) EU435539 EU435592 EU435867 EU435792 EU435924 EU435645 EU435718 EU436049 EU435992 EU436101 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Meroplius minutus  (Wiedemann, 1830) USA Su et al. (2008) EU435540 EU435593 EU435868 EU435793 EU435925 EU435646 EU435719 (N/A) EU435993 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Microsepsis armillata (Melander & Spuler, 1917) South America Su et al. (2008) EU435541 (N/A) EU435869 EU435794 (N/A) EU435647 EU435720 EU436050 EU435994 EU436102 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Microsepsis furcata (Melander & Spuler, 1917) Central America Su et al. (2008) EU435542 EU435594 EU435870 EU435795 EU435926 (N/A) EU435721 EU436051 EU435995 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Nemopoda nitidula  (Fallén, 1820) Germany Su et al. (2008) & current study AJ844291 AJ843096 AJ841752 AJ832107/EU435827 EU435927 EU435648 EU435722 EU436052 AJ829533 EU436103 678 bp 168 bp 786 bp 939 bp 1023 bp 351 bp 1338 bp 285 bp 1722 bp 519 bp
Ortalischema albitarse  (Zetterstedt, 1847) Sweden Su et al. (2008) & current study AJ844290 AJ843095 AJ841751 EU435796 EU435928 EU435649 EU435723 EU436053 AJ829536 (N/A) 585 bp (N/A) 786 bp 753 bp 606 bp (N/A) 1338 bp 279 bp 1230 bp 111 bp
Orygma luctuosum  Meigen, 1830 Isle of Man Su et al. (2008) & current study AJ844289 AJ843094 AJ841750 AJ832105/EU435828 EU435929 EU435650 EU435724 (N/A) AJ829534 (N/A) 678 bp 168 bp 783 bp 939 bp 1020 bp 351 bp 1338 bp 282 bp 1722 bp 465 bp
Archisepsis (Palaeosepsis) pusio (Schiner, 1868) Nicaragua Su et al. (2008) EU435543 (N/A) EU435871 EU435797 EU435930 EU435651 EU435725 EU436054 EU435996 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Parapalaeosepsis apicalis  (de Meijere, 1906) Papua New Guinea Su et al. (2008) EU435544 EU435595 EU435872 EU435798 EU435931 EU435652 EU435726 (N/A) EU435997 EU436104 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Parapalaeosepsis plebeia  (de Meijere, 1906) Papua New Guinea Su et al. (2008) EU435545 EU435596 EU435873 EU435799 EU435932 EU435653 EU435727 (N/A) EU435998 EU436105 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Supplementary Table 3: List of all taxon and genes used in current study 
Appendix 2 - 9
Taxa Author name Locality Source 12S 16S COII COI CYTB 18S 28S AATS EF1A H3 ATP6 ATP8 COIII NADH1 NADH2 NADH3 NADH4 NADH4L NADH5 NADH6
Paratoxopoda amonane  Vanschuytbroeck, 1961 South Africa Su et al. (2008) EU435546 EU435597 EU435874 EU435800 EU435933 EU435654 EU435728 EU436055 EU435999 EU436106 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Paratoxopoda depilis  Walker, 1849 Ivory Coast Su et al. (2008) EU435547 (N/A) (N/A) (N/A) EU435934 EU435655 EU435729 (N/A) EU436000 EU436107 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Toxopoda (Platytoxopoda)  sp. Ivory Coast Su et al. (2008) EU435548 EU435598 EU435875 EU435801 EU435935 EU435656 EU435730 EU436056 EU436001 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Saltella bezzii  (Duda, 1926) South Africa Su et al. (2008) EU435549 EU435599 EU435876 EU435802 EU435936 EU435657 EU435731 EU436057 EU436002 EU436108 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Saltella nigripes  Robineau‐Desvoidy, 1830 Germany Su et al. (2008) EU435550 EU435600 EU435877 EU435803 EU435937 EU435658 EU435732 EU436058 EU436003 EU436109 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Saltella sphondylii  (Schrank, 1803) Germany Su et al. (2008) & current study AJ844292 AJ843097 AJ841753 AJ832108/EU435829 EU435938 EU435659 EU435733 EU436059 AJ829535 EU436110 678 bp 168 bp 789 bp 939 bp 1023 bp 351 bp 1338 bp 291 bp 1722 bp 510 bp
Sepsis biflexuosa  Strobl, 1893 Turkey Su et al. (2008) EU435551 EU435601 EU435878 EU435804 EU435939 EU435660 EU435734 EU436060 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Sepsis coprophila  de Meijere, 1906 China Su et al. (2008) EU435552 (N/A) EU435879 EU435830 EU435940 (N/A) EU435735 EU436061 EU436004 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Sepsis cynipsea  (Linnaeus, 1758) Switzerland Su et al. (2008) & current study EU435553 EU435602 EU435880 EU435805 EU435941 EU435661 EU435736 (N/A) EU436005 EU436111 513 bp (N/A) 672 bp 882 bp (N/A) (N/A) 1104 bp (N/A) 1332 bp (N/A)
Sepsis dissimilis  Brunetti, 1909 Egypt Su et al. (2008) EU435554 EU435603 EU435881 EU435806 EU435942 EU435662 EU435737 (N/A) EU436006 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Sepsis duplicata  Haliday, 1838 Denmark Su et al. (2008) EU435555 EU435604 EU435882 EU435807 EU435943 EU435663 EU435738 EU436062 EU436007 EU436112 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Sepsis fissa  Becker, 1903 Turkey Su et al. (2008) EU435556 EU435605 EU435883 EU435808 EU435944 EU435664 EU435739 (N/A) EU436008 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Sepsis flavimana  Meigen, 1826 Germany Su et al. (2008) EU435557 (N/A) EU435884 EU435809 EU435945 EU435665 EU435740 EU436063 EU436009 EU436113 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Sepsis fulgens  Meigen, 1826 Germany Su et al. (2008) EU435558 EU435606 EU435885 EU435810 EU435946 EU435666 EU435741 EU436064 EU436010 EU436114 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Allosepsis (Sepsis)  sp.1 Wiedemann, 1824 Malaysia. Malacca Su et al. (2008) EU435559 EU435607 EU435886 EU435811 EU435947 EU435667 EU435742 EU436065 EU436011 EU436115 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Sepsis lateralis  Wiedemann, 1830 Indonesia Su et al. (2008) EU435560 EU435608 EU435887 EU435812 EU435948 EU435668 EU435743 EU436066 EU436012 EU436116 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Sepsis latiforceps (monostigma)  Thomson, 1869 China Su et al. (2008) & current study EU435561 EU435609 EU435888 EU435813 EU435949 EU435669 EU435744 (N/A) EU436013 (N/A) 678 bp 168 bp 789 bp 939 bp 387 bp 354 bp 1338 bp 291 bp 1725 bp 522 bp
Sepsis neglecta  Ozerov, 1986 USA Su et al. (2008) EU435562 EU435610 EU435889 EU435814 EU435950 EU435670 EU435745 (N/A) EU436014 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Sepsis neocynipsea  Melander & Spuler, 1917 USA Su et al. (2008) & current study EU435563 EU435611 EU435890 EU435815 EU435951 EU435671 EU435746 EU436067 EU436015 EU436117 678 bp 168 bp 789 bp 939 bp 1023 bp 351 bp 1338 bp 291 bp 1722 bp 519 bp
Sepsis nitens  Wiedemann, 1824 Pakistan Su et al. (2008) EU435564 EU435612 EU435891 EU435816 EU435952 EU435672 EU435747 (N/A) EU436016 EU436118 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Sepsis orthocnemis  Frey, 1908 Denmark Su et al. (2008) EU435565 EU435613 EU435892 EU435817 EU435953 EU435673 EU435748 EU436068 EU436017 EU436119 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Sepsis punctum  (Fabricius, 1794) USA Su et al. (2008) EU435566 EU435614 EU435893 EU435831 EU435954 EU435674 EU435749 EU436069 EU436018 EU436120 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Sepsis secunda  Melander & Spuler, 1917 USA Su et al. (2008) EU435567 EU435615 EU435894 EU435818 EU435955 EU435675 EU435750 (N/A) EU436019 EU436121 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Sepsis thoracica  (Robineau‐Desvoidy, 1830) Germany Su et al. (2008) EU435568 EU435616 EU435895 EU435819 EU435956 EU435676 EU435751 EU436070 EU436020 EU436122 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Sepsis violacea  Meigen, 1826 Switzerland Su et al. (2008) EU435569 EU435617 EU435896 EU435820 EU435957 EU435677 EU435752 EU436071 EU436021 EU436123 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Susanomira caucasica  Pont, 1987 Russia Su et al. (2008) EU435570 EU435618 EU435897 EU435821 EU435958 EU435678 EU435753 (N/A) EU436022 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Themira annulipes  (Meigen, 1826) Germany Su et al. (2008) AJ844294 AJ843099 AJ841755 AJ832110/EU435832 EU435959 EU435679 EU435754 EU436072 AJ829538 EU436124 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Themira arctica  (Becker in Becker et al., 1915) Iceland Su et al. (2008) AJ844295 AJ843100 AJ841756 AJ832111/EU435833 EU435960 EU435680 EU435755 EU436073 AJ829539 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Themira biloba  Andersson, 1975 USA Su et al. (2008) & current study AJ844296 AJ843101 AJ841757 AJ832112/EU435834 EU435961 EU435681 EU435756 EU436074 AJ829540 (N/A) 678 bp 168 bp 789 bp 939 bp 1023 bp 354 bp 1338 bp 291 bp 1725 bp 522 bp
Themira flavicoxa  Melander & Spuler, 1917 USA Su et al. (2008) AJ844297 AJ843102 AJ841758 EU435822 EU435962 EU435682 EU435757 EU436075 AJ829541 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Themira leachi  (Meigen, 1826) Cuba Su et al. (2008) AJ844299 AJ843104 (N/A) EU435823 EU435963 EU435683 EU435758 EU436076 EU436023 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Themira lucida  (Staeger in Schixdte, 1844) Germany Su et al. (2008) AJ844300 AJ843105 AJ841760 AJ832115/EU435835 EU435964 EU435684 EU435759 EU436077 AJ829542 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Themira minor  (Haliday, 1833) USA Su et al. (2008) & current study AJ844301 AJ843106 AJ841761 AJ832116/EU435836 EU435965 EU435685 EU435760 EU436078 AJ829543 (N/A) 678 bp 168 bp 789 bp 939 bp 1023 bp 354 bp 1338 bp 291 bp 1725 bp 522 bp
Themira nigricornis  (Meigen, 1826) Sweden Su et al. (2008) & current study AJ844302 AJ843107 AJ841762 AJ832117/EU435837 EU435966 EU435686 EU435761 EU436079 AJ829544 (N/A) 678 bp 168 bp 789 bp 519 bp 771 bp 354 bp 1338 bp 291 bp 1606 bp 522 bp
Themira pusilla  (Zetterstedt, 1847) Iceland Su et al. (2008) AJ844303 AJ843108 AJ841763 AJ832118/EU435838 EU435967 EU435687 EU435762 EU436080 AJ829545 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Themira putris (Linnaeus, 1758) Germany Su et al. (2008) AJ844304 AJ843109 AJ841764 AJ832119/EU435839 EU435968 EU435688 EU435763 EU436081 AJ829546 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Themira superba  (Haliday, 1833) Germany Su et al. (2008) & current study AJ844305 AJ843110 AJ841765 AJ832120/EU435840 EU435969 EU435689 EU435764 EU436082 AJ829547 (N/A) 645 bp 168 bp 690 bp 807 bp 741 bp (N/A) 1014 bp (N/A) 1383 bp (N/A)
Toxopoda  sp. 1 Thailand Su et al. (2008) & current study EU435571 EU435619 EU435898 EU435824 EU435970 EU435690 EU435765 EU436083 EU436024 (N/A) 678 bp 168 bp 789 bp 939 bp 1023 bp 333 bp 1338 bp 282 bp 1722 bp 519 bp
Toxopoda  sp. 2 Singapore Su et al. (2008) EU435572 (N/A) EU435899 EU435841 EU435971 EU435691 EU435766 EU436084 EU436025 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Zuskamira inexpectata  Pont, 1987 Finland Su et al. (2008) AJ844293 AJ843098 AJ841754 EU435825 EU435972 EU435692 EU435767 EU436085 AJ829537 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Sepsis luteipes Melander & Spuler, 1917 Switzerland Rohner et al. (2014) KJ766337 KJ766341 KJ766325 KJ766321 KJ766329 KJ766313 KJ766317 (N/A) KJ766333 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Sepsis luteipes Melander & Spuler, 1917 USA Rohner et al. (2014) KJ766338 KJ766342 KJ766326 KJ766322 KJ766330 KJ766314 KJ766318 (N/A) KJ766334 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Sepsis nigripes Meigen, 1826 Switzerland Rohner et al. (2014) KJ766339 KJ766343 KJ766327 KJ766323 KJ766331 KJ766315 KJ766319 (N/A) (N/A) KJ766336 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Sepsis thoracica  (Robineau‐Desvoidy, 1830) South Africa Rohner et al. (2014) KJ766340 KJ766344 KJ766328 KJ766324 KJ766332 KJ766316 KJ766320 (N/A) KJ766335 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Meroplius sauteri (Meijere, 1913) Singapore current study 357 bp 762 bp 684 bp 1521 bp 1137 bp 527 bp 1640 bp 493 bp 780 bp (N/A) 678 bp 168 bp 593 bp 188 bp 981 bp 354 bp 944 bp 291 bp 1722 bp 522 bp
Dicranosepsis  sp. Malaysia.melaka current study 560 bp (N/A) 638 bp 1444 bp 690 bp 537 bp 1718 bp (N/A) 779 bp 260 bp (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Dicranosepsis  sp.  Malaysia.Ipon current study 618 bp 432 bp 663 bp 1449 bp 637 bp 335 bp 1606 bp 399 bp 782 bp 339 bp (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Allosepsis  sp. 10 (Wiedemann, 1824) Indonesia.Bali current study 776 bp 1340 bp 681 bp 1527 bp 1137 bp 697 bp 2233 bp 551 bp 1000 bp (N/A) 678 bp 168 bp 789 bp 933 bp 1017 bp 351 bp 1338 bp 291 bp 1722 bp 492 bp
Sepsis lateralis Wiedemann, 1830 Indonesia.Sulawesi current study 801 bp 1218 bp 684 bp 1521 bp 1137 bp (N/A) (N/A) (N/A) (N/A) (N/A) 678 bp 168 bp 789 bp 939 bp 1023 bp 354 bp 1338 bp 291 bp 1725 bp 522 bp
Calliphora vomitoria (Linnaeus, 1758) N.A. 1 KITE 784 bp 208 bp 672 bp 1524 bp 1134 bp 697 bp 2233 bp (N/A) 1000 bp 254 bp 675 bp 144 bp 780 bp 939 bp (N/A) 327 bp 1338 bp (N/A) 1470 bp (N/A)
Limnia unguicornis (Scopoli, 1763) N.A. 1 KITE 230 bp 487 bp 681 bp 1530 bp 924 bp 697 bp 2233 bp 367 bp 1000 bp (N/A) 480 bp 168 bp 654 bp 234 bp 1023 bp (N/A) 1338 bp 228 bp 1407 bp 453 bp
Drosophila melanogaster Meigen, 1830 N.A. GenBank NC_001709.1 NC_001709.1 NC_001709.1 NC_001709.1 NC_001709.1 M21017.1 M21017.1 NM_078787.4 NM_058027.5 NM_001032127 NC_001709.1 NC_001709.1 NC_001709.1 NC_001709.1 NC_001709.1 NC_001709.1 NC_001709.1 NC_001709.1 NC_001709.1 NC_001709.1
Supplementary Table 3 (continue)
Appendix 2 - 10
 Appendix 3 
 
Supplementary tables and figures for Chapter 4 
 
 















Outgroups: Calliphora vomitoria 
                   Drosophila melanogaster  























Appendix 3 - 1




































Supplementary Fig. 1b MP Jackknife tree for 1017Nuc dataset 



















Outgroups: Calliphora vomitoria 
                   Drosophila melanogaster 



















Supplementary Fig. 2a ML bootstrap tree for 603Nuc dataset 





































Supplementary Fig. 2b MP Jackknife tree for 603Nuc dataset 





































Sepsis luteipis (US) 
Allosepsis sp. 2 
Themira leachi 
Themira arctica 






Microsepsis furcata (Central America) 
Themira putris 
Microsepsis furcata (South America) 
Microsepsis armillata (Central America) 
Sepsis secunda 
Allosepsis sp. 5 
Dicranosepsis sp. 'fake revocans' 
Allosepsis sp. 8 
Dicranosepsis emiliae 
Dicranosepsis 'cf. parva' 
Ortalischema albitarse 
Sepsis orthocnemis 
Sepsis lateralis NGS 
Toxopoda soror 













Allosepsis sp. NGS 
Sepsis nigripes 




Sepsis niveipennis (Asia) 
Meropliosepsis sexsetosa (French Guiana) 
Microsepsis sp. 





Archisepsis pusio (South America) 
Parapalaeosepsis apicalis 
Leptomerosepsis simplicicrus 




Meropliosepsis sexsetosa (South America) 




Microsepsis armillata (South America) 
Saltella sp. 
Toxopoda sp. 2 
Parapalaeosepsis plebeia 




Brachythoracosepsis sp. (Comores Islands) 
Meroplius alberquerquei 
Sepsis niveipennis (African) 
Allosepsis sp. 7 






Archisepsis discolor (Central America) 
Dicranosepsis sp. (Melaka) 





Outgroups: Calliphora vomitoria, Drosophila melanogaster, Willistoniella pleuropunctata, Limnia unguicornis,  
































































































































Supplementary Fig. 3a ML bootstrap tree for 1017++Nuc dataset 





Allosepsis sp. 6 
Dicranosepsis 'cf. parva' 





Meropliosepsis sexsetosa (French Guiana) 
Brachythoracosepsis saothomensis 
Toxopoda sp. 2 
Parapalaeosepsis apicalis 
Dicranosepsis emiliae 
Sepsis luteipis (US) 
Microsepsis mitis 
Archisepsis discolor (Central America) 
Dicranosepsis 'cf. sauteri' 
Sepsis violacea 
Sepsis latiforceps 
Microsepsis armillata (Central America) 
Sepsis niveipennis (Asia) 
Perochaeta lobo 
Perochaeta orientalis 
Brachythoracosepsis sp. (Comores Islands) 
Adriapontia capensis 
Susanomira caucasica 



















Allosepsis sp. 8 







Allosepsis sp. NGS 
Themira biloba 
Allosepsis sp. 5 













Archisepsis discolor (South America) 
Sepsis biflexuosa 
Sepsis niveipennis (African) 
Themira lucida 
Allosepsis sp. 3 









Allosepsis sp. 2 
Sepsis flavimana 





Archisepsis pusio (Nicaragua) 




Sepsis sp. 'Isangi' 
Toxopoda sp. 1 
Paratoxopoda similis 
Allosepsis sp. 1 
Dicranosepsis distincta 














Microsepsis furcata (Central America) 
Outgroups: Calliphora vomitoria, Drosophila melanogaster, Willistoniella pleuropunctata, Limnia unguicornis,  
Helcomyza mirabilis, Heterocheila buccata, Gluma nitida, Icaridion debile, Lopa convexa 













































































































Supplementary Fig. 3b MP Jackknife tree for 1017++Nuc dataset 





Dicranosepsis sp. (Melaka) 
Themira lucida 
Archisepsis ecalcarata 
Sepsis niveipennis (Asia) 
Paratoxopoda depilis 
Outgroups: Calliphora vomitoria, Drosophila melanogaster, Willistoniella pleuropunctata, Limnia unguicornis,  
















Allosepsis sp. 2 
Allosepsis sp. 8 
Themira putris 
Dicranosepsis crinita 
Allosepsis sp. 9 
Sepsis niveipennis (African) 




Sepsis luteipis (US) 
Archisepsis armata 









Sepsis sp. 'Isangi' 
Ortalischema albitarse 
Sepsis coprophila 
Archisepsis pusio (South America) 
Dicranosepsis 'cf. sauteri' 
Sepsis dissimilis 
Microsepsis furcata (South America) 
Archisepsis diversiformis 
Microsepsis furcata (Central America) 
Paratoxopoda amonane 
Allosepsis sp. 6 
Dicranosepsis sp. (Ipon) 
Perochaeta orientalis 
Allosepsis sp. 5 
Sepsis punctum 




Sepsis sp. (Westen Cape) 
Archisepsis discolor (South America) 
Toxopoda sp. 1 
Dicranosepsis revocans 
Dicranosepsis distincta 
















Sepsis luteipis (Swizerland) 
Meropliosepsis sexsetosa (French Guiana) 
Meroplius alberquerquei 














Dicranosepsis sp. 'fake revocans' 



















Toxopoda (Platytoxopoda) sp. 
Microsepsis mitis 
Sepsis neglecta 




































































































































Supplementary Fig. 4a ML bootstrap tree for 603++Nuc dataset 
Appendix 3 - 7
Zuskamira inexpectata 
Toxopoda sp. 2 
Toxopoda sp. 1 
Toxopoda soror 
















Sepsis sp. (Westen Cape) 






Sepsis niveipennis (Asia) 





Sepsis luteipis (US) 
Sepsis luteipis (Swizerland) 
Sepsis latiforceps 


































Microsepsis furcata (South America) 
Microsepsis furcata (Central America) 
Microsepsis armillata (South America) 





Meropliosepsis sexsetosa (South America) 
Meropliosepsis sexsetosa (French Guiana) 
Meroplius sauteri 
Leptomerosepsis simplicicrus 
Outgroups: Calliphora vomitoria, Drosophila melanogaster, Willistoniella pleuropunctata, Limnia unguicornis,  




Dicranosepsis sp. (Melaka) 
Dicranosepsis sp. (Ipon) 










Dicranosepsis 'cf. sauteri' 
Dicranosepsis 'cf. parva' 
Decachaetophora aeneipes 







Archisepsis pusio (South America) 






Archisepsis discolor (South America) 
Archisepsis discolor (Central America) 
Archisepsis armata 
Allosepsis sp. 9 
Allosepsis sp. 8 
Allosepsis sp. 7 
Allosepsis sp. 6 
Allosepsis sp. 5 
Allosepsis sp. 4 
Allosepsis sp. 3 
Allosepsis sp. 2 
Allosepsis sp. 1 

















































































































Supplementary Fig. 4b MP bootstrap tree for 603++Nuc dataset 






































Supplementary Fig. 5a ML bootstrap tree for 1017AA dataset 





































Supplementary Fig. 5b MP Jackknife tree for 1017AA dataset 







Outgroups: Calliphora vomitoria,  






























Supplementary Fig. 6a ML bootstrap tree for 603AA dataset 



































Supplementary Fig. 6b MP Jackknife tree for 603AA dataset 




Toxopoda (Platytoxopoda) sp. 
Sepsis nitens 
Sepsis luteipis (Swizerland) 
Paratoxopoda similis 
Archisepsis sp. 
Allosepsis sp. 6 
Dicranosepsis 'cf. sauteri' 
Saltella sphondylii 
Paratoxopoda amonane 













Archisepsis discolor (South America) 






Microsepsis furcata (Central America) 
Themira arctica 
Themira superba 
Allosepsis sp. 5 
Brachythoracosepsis freidbergi 








Sepsis sp. (Westen Cape) 




Meropliosepsis sexsetosa (French Guiana) 
Toxopoda sp. 2 














Brachythoracosepsis sp. (Comores Islands) 
Allosepsis sp. 4 
Dicranosepsis unipilosa 
Sepsis latiforceps 





Allosepsis sp. 2 
Sepsis niveipennis (Asia) 
Dicranosepsis planitarsis 
Nemopoda speiseri 
Dicranosepsis sp. 'fake revocans' 
Sepsis lateralis NGS 
Sepsis fissa 
Dicranosepsis olfactoria 
Meropliosepsis sexsetosa (South America) 




Microsepsis armillata (South America) 
Allosepsis sp. 9 
Dicranosepsis revocans 







Archisepsis pusio (South America) 
Sepsis hirsuta 
Sepsis orthocnemis 
Sepsis luteipis (US) 
Sepsis neglecta 
Nemopoda nitidula 
Outgroups: Calliphora vomitoria, Drosophila melanogaster, Willistoniella pleuropunctata, Limnia unguicornis,  





Allosepsis sp. NGS 













Allosepsis sp. 3 
Sepsis pyrrhosoma 
Sepsis nigripes 
Archisepsis pusio (Nicaragua) 




















































































Supplementary Fig. 7 MP Jackknife tree for 1017++AA dataset 





Dicranosepsis sp. (Ipon) 
Dicranosepsis olfactoria 
Nemopoda speiseri 
Sepsis niveipennis (African) 















Allosepsis sp. 6 
Allosepsis sp. 4 
Dicranosepsis revocans 
Archisepsis pusio (Nicaragua) 
Allosepsis sp. 3 
Meropliosepsis sexsetosa (South America) 
Sepsis latiforceps 
Meropliosepsis sexsetosa (French Guiana) 
Archisepsis pleuralis 
Sepsis arotrolabis 
Outgroups: Calliphora vomitoria, Drosophila melanogaster, Willistoniella pleuropunctata, Limnia unguicornis,  
Helcomyza mirabilis, Heterocheila buccata, Gluma nitida, Icaridion debile, Lopa convexa 
Sepsis lateralis NGS 
Parapalaeosepsis apicalis 
Ortalischema albitarse 
Allosepsis sp. 1 
Dicranosepsis takoensis 
Perochaeta cuirassa 











Sepsis luteipis (Swizerland) 
Sepsis thoracica 




Archisepsis discolor (Central America) 












Dicranosepsis sp. 'fake revocans' 
Sepsis dissimilis 
Dicranosepsis sp. (Melaka) 
Toxopoda sp. 1 
Allosepsis sp. 5 







Brachythoracosepsis sp. (Comores Islands) 
Leptomerosepsis simplicicrus 





Microsepsis furcata (Central America) 
Meroplius fukuharai 
Archisepsis armata 
Dicranosepsis 'cf. parva' 
Dicranosepsis transita 
Dicranosepsis 'cf. sauteri' 
Paratoxopoda similis 
Themira putris 
Toxopoda sp. 2 
Sepsis sp. 'Isangi' 
Toxopoda (Platytoxopoda) sp. 











Sepsis sp. (Westen Cape) 
Zuskamira inexpectata 
Palaeosepsis golovastik 












































































































































Supplementary Fig. 8a ML bootstrap tree for 603++AA dataset 
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Zuskamira inexpectata 
Toxopoda sp. 2 
Toxopoda sp. 1 
Toxopoda soror 
Toxopoda (Platytoxopoda) sp. 












Sepsis violacea Sepsis thoracica Sepsis sp. (Westen Cape) 






Sepsis niveipennis (Asia) 





Sepsis luteipis (US) 
Sepsis luteipis (Swizerland) 
Sepsis latiforceps 

















Perochaeta lobo Perochaeta dikowi 
Perochaeta cuirassa 












Microsepsis furcata (South America) 
Microsepsis furcata (Central America) 
Microsepsis armillata (South America) 
Microsepsis armillata (Central America) 
Meroplius minutus Meroplius fukuharai 
Meroplius fasciculata 
Meroplius alberquerquei 
Meropliosepsis sexsetosa (South America) 
Meropliosepsis sexsetosa (French Guiana) 
Meroplius sauteri 
Leptomerosepsis simplicicrus 
Outgroups: Calliphora vomitoria, Drosophila melanogaster, Willistoniella pleuropunctata, Limnia unguicornis,  




Dicranosepsis sp. (Melaka) 










Dicranosepsis 'cf. sauteri' 
Dicranosepsis 'cf. parva' 
Decachaetophora aeneipes 













Archisepsis discolor (South America) 
Archisepsis discolor (Central America) 
Archisepsis armata 
Allosepsis sp. 9 
Allosepsis sp. 8 
Allosepsis sp. 7 
Allosepsis sp. 6 
Allosepsis sp. 5 Allosepsis sp. 4 
Allosepsis sp. 3 
Allosepsis sp. 2 
Allosepsis sp. 1 



















































































Appendix 3 - 15 
Dataset No. of Taxon
No. of 
Character No. of Position (bp) ML Best Tree Score
ML bootstrap 
replications
After Remove constant 
position for AA (bp)
MP analyses 
Steps




1017Nuc 21 1017 1,270,305 -9959106.397677 1000 N.A. 2,154,105 1 250
1017AA 21 1017 423,435 -3600225.087838 1000 164,237 439,474 1 250
603Nuc 21 603 669,399 -5712453.696801 1000 N.A. 1,255,424 1 250
603AA 21 603 223,133 -1941588.055145 1000 83,300 236,559 1 250
603++Nuc 137 625 687,809 -5960971.770554 100 N.A. 1,304,357 4 250
603++AA(Partitioned) 137 625 5,306(srRNA)+227,501(AA) -2026502.843599 100 5,306(srRNA)+84,822(AA) 248,410 18 250
1017++Nuc 137 1039 1,288,715 -10208716.634221 100 N.A. 2,203,054 11 100
1017++AA(Partitioned) 137 1039 5,306(srRNA)+427,803(AA) N.A. 100 5,306(srRNA)+165,759(AA) 451,323 17 100
Supplemtary  Table 1: Information about phylogenomic datasets with analyses criteria
Appendix 3 - 16
Gene Density 603 subset Allo ind Arch eca Call vom Deca aen Dicr dis Dros mel Limn ung Mero sex Mero alb Mero fas Micr mit Nemo nit Orta alb Oryg luc Para sim Pero dik Salt sph Seps cyn Seps neo Them sup Toxo sp.
140up 15 No 816 816 (N/A) 816 (N/A) 816 (N/A) 816 816 816 762 816 (N/A) 816 816 816 816 (N/A) 816 (N/A) 813
14‐3‐3epsilon 21 Yes 786 786 786 786 786 786 786 786 732 786 786 786 765 786 786 786 786 786 786 786 786
14‐3‐3zeta 21 Yes 744 744 744 744 744 744 744 744 744 611 744 744 747 744 744 744 744 744 744 744 744
7B2 20 Yes 849 849 849 691 849 840 (N/A) 597 849 849 849 849 426 849 849 849 792 849 849 849 849
A16 16 No 471 468 (N/A) 471 471 471 (N/A) 471 471 471 471 471 (N/A) (N/A) 471 471 (N/A) 348 471 471 471
Aats‐ala‐m 13 No 2625 384 (N/A) 3087 (N/A) 3084 (N/A) 3039 2796 1833 1839 3084 (N/A) 2835 (N/A) 555 (N/A) (N/A) 771 (N/A) 3087
Aats‐leu 10 No 2310 2037 867 (N/A) (N/A) 2667 (N/A) 2667 1590 756 2607 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) 279 (N/A) (N/A) 495
Ace 15 Yes (N/A) 1500 1083 1826 (N/A) 1914 1260 1827 (N/A) 1914 1827 (N/A) 243 (N/A) 1914 1113 1911 555 876 1812 (N/A)
adp 16 No 948 948 (N/A) 948 (N/A) 945 (N/A) 948 948 948 948 945 (N/A) 948 948 948 897 (N/A) 627 945 948
AdSL 21 Yes 1443 1443 1443 1443 1443 1443 1443 1443 1443 1443 1443 1443 511 1385 1443 1082 873 761 1185 1399 1443
AkhR 14 No 990 975 (N/A) 990 990 990 (N/A) 990 990 300 987 (N/A) (N/A) 990 990 990 (N/A) (N/A) 201 (N/A) 645
Alas 18 Yes 1230 1215 (N/A) 1230 1230 1230 (N/A) 1230 1230 1230 1134 1230 204 (N/A) 1230 1230 1227 1230 1230 1203 1230
alc 20 Yes 579 579 579 579 579 576 579 579 579 579 579 579 405 (N/A) 579 579 573 579 579 579 579
alphaSnap 21 Yes 879 879 879 774 879 879 879 873 762 879 771 750 878 879 771 783 879 879 783 774 879
Amph 21 Yes 879 879 879 732 888 888 888 732 732 732 885 858 888 873 732 732 876 888 879 585 876
Amun 19 Yes (N/A) 1902 1905 1902 336 1902 1902 1902 1902 1902 1902 1902 (N/A) 1902 1902 1902 1902 1620 363 1902 1902
Ance‐5 15 Yes 1203 591 (N/A) (N/A) (N/A) 1830 210 1704 1827 1197 (N/A) 345 807 (N/A) (N/A) 1704 1830 450 345 804 1635
ap 19 Yes 1467 1467 351 1362 1467 1467 (N/A) 1020 1467 1329 1398 1467 (N/A) 1467 1416 1227 1467 1467 1467 843 1209
AP‐1mu 20 Yes 1278 1278 1264 1278 1278 1278 1278 1278 1278 1278 1278 1278 (N/A) 1278 1278 1278 1278 1164 1278 1278 1278
AP‐1sigma 18 Yes 306 419 471 420 (N/A) 471 471 419 421 420 419 404 (N/A) (N/A) 420 419 471 471 441 440 471
AP‐2mu 21 Yes 1311 1311 1311 1311 1311 1311 1311 1307 1311 1311 1311 1311 683 1311 1311 1311 1311 1311 1311 1311 1311
APC10 18 Yes 528 528 528 414 528 528 (N/A) 516 528 528 402 528 (N/A) 516 (N/A) 528 528 489 528 528 528
Aph‐4 16 No 1527 1560 (N/A) 1560 1389 1560 (N/A) 1059 1557 1500 1479 1392 (N/A) (N/A) 1560 1152 1212 1560 1200 (N/A) 1260
aPKC 15 No 759 1080 (N/A) 1080 (N/A) 1077 1080 1077 867 1080 1080 (N/A) (N/A) 1080 867 1080 (N/A) (N/A) 858 879 1080
app 11 Yes (N/A) 390 (N/A) (N/A) 717 1020 (N/A) 1020 (N/A) 552 840 (N/A) 237 (N/A) 879 (N/A) (N/A) (N/A) 1020 1020 945
Aps 18 Yes 144 435 435 435 435 435 435 435 435 270 435 435 (N/A) (N/A) 435 (N/A) 435 435 126 273 435
Arf102F 21 Yes 540 540 421 532 492 540 540 540 519 540 540 540 540 540 540 540 540 540 540 540 540
Arf51F 21 Yes 525 525 525 157 525 525 525 433 525 525 407 470 298 525 525 525 525 525 525 525 525
ArfGAP1 20 Yes 1053 1692 1692 1616 1606 1692 906 1692 1617 1692 1584 1616 (N/A) 1197 909 1617 906 1413 1624 1692 876
Arfip 17 No (N/A) 777 777 777 777 777 777 777 777 705 (N/A) 435 (N/A) (N/A) 777 777 777 447 777 549 777
Arl1 20 Yes 540 540 540 540 540 540 540 540 540 540 540 540 (N/A) 540 540 540 540 540 540 540 540
Arl4 19 Yes 480 33 480 480 480 480 480 480 480 480 480 480 144 480 480 480 480 (N/A) (N/A) 480 441
Arp3 20 Yes 1254 1254 1166 1254 1254 1254 1254 1254 1254 795 1238 1254 (N/A) 1254 1254 1254 1220 300 1254 746 1254
Arpc1 20 Yes 1083 1137 1137 1137 1107 1137 1068 1137 1137 1134 1137 1035 (N/A) 1137 1137 1137 1137 1137 1137 1137 1137
Arpc2 21 Yes 909 909 903 909 909 903 903 909 909 909 909 909 258 903 909 822 870 909 909 909 909
Asator 16 No 1341 1338 (N/A) 1341 1341 1341 (N/A) 999 1341 (N/A) 1341 1341 (N/A) 1341 1341 1341 1341 (N/A) 546 1224 1341
ash2 20 Yes 1012 1005 1026 1013 1004 1026 1005 1026 1026 982 1000 1026 (N/A) 1026 1015 779 847 1026 825 1002 1026
ASPP 11 No 663 (N/A) (N/A) 666 235 666 260 664 666 666 (N/A) (N/A) (N/A) (N/A) 666 (N/A) (N/A) (N/A) 379 (N/A) 483
Atg13 18 Yes (N/A) 2121 1275 2121 297 2121 2121 2121 2121 1564 2074 237 843 2121 2121 2121 (N/A) (N/A) 234 990 1772
Atg14 14 No 1356 1356 (N/A) 1356 (N/A) 1356 1356 1356 1221 1356 1356 1356 (N/A) (N/A) 1356 1356 (N/A) (N/A) 1155 (N/A) 1356
Atg18 20 Yes 582 1134 1134 1134 1095 1131 792 1134 1134 1134 1134 1134 (N/A) 1134 1134 1134 1134 258 942 966 1134
Atg4 16 No (N/A) 987 993 990 (N/A) 993 993 987 990 984 990 (N/A) (N/A) 993 993 993 879 978 411 (N/A) 978
Atg5 18 Yes 810 810 (N/A) 810 810 810 (N/A) 810 810 810 810 690 (N/A) 810 810 807 810 810 810 807 810
Atg6 20 Yes 1278 1278 1281 1278 348 1278 1140 1278 1278 1008 1140 1278 (N/A) 1278 1074 1278 1278 438 1203 525 1278
Atg9 18 Yes 2454 2454 (N/A) 2454 999 2454 (N/A) 1830 2454 2295 2454 2433 555 (N/A) 2454 2289 2328 1221 2454 2199 2454
atms 18 Yes 1065 1062 1065 1065 1065 1065 1065 1065 852 600 255 1065 (N/A) 1065 1065 1065 1065 (N/A) (N/A) 1065 1038
ATPsyn‐d 19 Yes 534 534 534 534 440 534 (N/A) 534 509 534 477 534 531 533 534 534 (N/A) 534 534 534 530
Aut1 20 Yes 1113 1113 1041 1113 1113 1113 1113 1110 891 1113 1113 1113 (N/A) 1113 1113 1113 1113 1113 1092 1113 1113
Axn 16 No 711 786 (N/A) 459 360 1188 1188 1188 1188 663 1170 (N/A) (N/A) (N/A) 1188 (N/A) 1188 738 831 1173 1188
Baldspot 16 No 852 855 855 (N/A) 855 855 855 855 (N/A) 855 855 849 (N/A) 855 855 855 (N/A) 522 837 711 (N/A)
Bap55 18 Yes 1281 1281 1129 1281 1257 1281 1120 838 1281 1281 1260 1269 (N/A) 1281 1281 1281 (N/A) (N/A) 1087 1278 1281
Bap60 15 No (N/A) 1182 1191 1143 (N/A) 1254 1254 1115 1254 1254 578 (N/A) (N/A) 1254 1254 (N/A) (N/A) 612 757 977 1254
BCL7‐like 18 Yes 252 468 468 468 468 468 390 468 468 468 468 468 (N/A) (N/A) 468 468 (N/A) 468 468 468 468
Bem46 18 Yes 870 1020 (N/A) 1023 1023 1023 450 1023 1023 1023 789 900 (N/A) 1023 1023 1023 1023 297 1023 1023 (N/A)
Best1 17 No 1182 2349 (N/A) 1701 513 2343 951 1887 1548 1467 1551 (N/A) (N/A) (N/A) 2349 1173 1080 474 1659 975 1023
Best2 19 Yes 1089 2880 540 609 (N/A) 2880 768 2880 2880 786 2880 1764 (N/A) 2092 2880 2880 2880 766 396 1835 2792
Bet5 20 Yes 435 435 346 435 341 435 435 435 435 435 435 435 (N/A) 435 427 416 309 435 435 344 435
betaggt‐I 17 No 1185 1110 (N/A) 1185 1137 1185 (N/A) 1185 1185 1185 1185 (N/A) (N/A) 1071 1068 1185 249 1140 1185 1053 1137
betaggt‐II 18 Yes 975 975 (N/A) 975 975 975 972 975 975 975 975 558 (N/A) 957 975 975 971 617 975 (N/A) 975
bic 19 Yes 483 645 645 645 396 549 (N/A) 645 645 630 645 645 645 645 645 645 318 645 450 (N/A) 633
bigmax 20 Yes 516 723 360 723 621 726 693 723 723 546 723 561 (N/A) 606 723 723 309 723 705 480 723
Bin1 17 No 450 450 450 450 163 450 450 450 450 450 (N/A) 450 (N/A) (N/A) 450 450 (N/A) 432 443 416 450
Bka 18 Yes (N/A) 591 600 600 519 600 600 423 600 600 309 600 (N/A) 600 600 600 600 600 600 (N/A) 600
Blos2 19 Yes 423 423 (N/A) 423 375 423 399 423 426 426 423 426 (N/A) 423 423 423 399 423 423 354 423
Bmcp 17 No 696 471 (N/A) 696 474 696 696 696 696 696 (N/A) 696 (N/A) 696 696 510 696 696 693 (N/A) 696
bor 20 Yes 1764 1788 294 1788 1752 1815 1788 1641 1788 1788 1788 1788 (N/A) 1788 1788 1788 1434 1788 1692 1710 1788
Supplementary Table 2: List of all taxa of Sepsidae and genes used in transcriptomic analyses (bp)
Appendix 3 - 17
Gene Density 603 subset Allo ind Arch eca Call vom Deca aen Dicr dis Dros mel Limn ung Mero sex Mero alb Mero fas Micr mit Nemo nit Orta alb Oryg luc Para sim Pero dik Salt sph Seps cyn Seps neo Them sup Toxo sp.
bou 18 Yes 320 321 321 320 247 321 302 316 321 321 317 320 (N/A) 321 320 (N/A) 321 320 320 320 (N/A)
Brms1 19 Yes 714 633 714 714 714 714 714 714 714 678 708 714 (N/A) 712 714 714 714 (N/A) 525 714 714
bru 11 No 2529 1044 (N/A) (N/A) (N/A) 2697 2370 2697 2697 885 (N/A) (N/A) (N/A) (N/A) 2199 (N/A) (N/A) (N/A) 738 360 2697
bwa 16 No 798 798 (N/A) 798 228 798 (N/A) 798 702 690 798 (N/A) (N/A) 798 (N/A) 798 798 798 474 171 798
Bx42 19 Yes 1485 1590 1653 1653 1653 1653 1653 864 1653 1653 1653 1563 (N/A) 1653 1653 558 (N/A) 864 1638 1605 1647
bys 18 Yes 1341 993 1332 1341 1279 1335 1344 1344 1341 1341 1116 1341 (N/A) 1341 1341 828 (N/A) (N/A) 1341 1341 1341
cact 21 Yes 879 792 792 795 738 873 879 792 792 792 792 795 879 789 795 879 780 795 792 795 789
CAH1 17 No 813 798 (N/A) 813 750 816 (N/A) 768 819 819 819 819 (N/A) (N/A) 819 702 816 816 816 819 819
calypso 13 No 1395 1395 1215 (N/A) (N/A) 1395 1176 1383 1394 1395 (N/A) (N/A) (N/A) 1395 1395 (N/A) (N/A) 835 255 900 (N/A)
capu 17 No 1536 1530 (N/A) 1530 1530 1536 (N/A) 1527 1530 1536 1521 1536 (N/A) 1509 1488 1530 (N/A) 1533 1356 1536 1389
casp 21 Yes 2148 2148 1443 2148 2148 2148 1962 2148 2148 2148 2145 2148 333 2148 2148 1728 1230 2148 2148 2148 2148
Cbp80 17 No 2412 2412 1881 1918 1329 2412 2412 2412 2412 1812 2325 1095 (N/A) (N/A) 2412 (N/A) 2372 730 2035 (N/A) 2412
Cdc27 17 No 1080 1182 774 1182 723 1182 1182 1182 1182 621 1182 (N/A) (N/A) 1182 1182 (N/A) 1182 441 984 (N/A) 1182
Cdc37 20 Yes 1056 1056 1056 1050 999 1056 738 1050 1056 1056 978 1056 (N/A) 1056 1056 1050 987 1053 1020 912 1056
Cdk5alpha 16 No 1422 1395 (N/A) 1422 1422 1422 (N/A) 1422 1422 1041 1419 1377 (N/A) (N/A) 1419 1422 1422 1131 1422 906 (N/A)
CdsA 21 Yes 1365 1365 1302 1365 1365 1362 1101 1365 1365 1110 1368 1209 561 1362 1356 1365 1335 1362 1365 1212 1362
Ced‐12 18 Yes 2187 1956 786 2187 2109 2187 2187 2175 2169 1596 684 2178 (N/A) (N/A) 2187 2088 (N/A) 1020 2187 1984 2133
Cerk 19 Yes 801 801 (N/A) 801 (N/A) 792 801 801 801 510 801 801 333 801 801 801 801 540 774 789 246
cert 19 Yes 429 1707 1155 1707 912 1710 (N/A) 750 1710 1119 1467 666 219 (N/A) 1710 1395 1293 108 1506 1698 1665
CG10014 15 No 615 615 (N/A) 564 615 615 (N/A) 615 615 615 615 540 (N/A) (N/A) 360 615 (N/A) 615 615 585 (N/A)
CG10103 20 Yes 624 624 624 624 624 624 624 508 624 624 624 377 (N/A) 624 624 624 619 624 624 624 624
CG10158 19 Yes 708 708 (N/A) 708 696 708 708 708 708 708 705 708 (N/A) 708 708 708 261 552 507 645 708
CG10217 17 No 1806 1806 (N/A) 1440 1806 1809 1806 1596 1752 1320 (N/A) 1806 (N/A) (N/A) 1806 1791 1755 159 1572 1425 1806
CG10237 21 Yes 720 903 900 903 897 903 318 900 903 717 900 894 651 903 627 810 810 806 903 903 903
CG10277 19 Yes 699 699 339 699 669 699 (N/A) 699 699 699 699 699 (N/A) 699 699 699 699 699 699 699 699
CG10289 13 No 1293 1086 (N/A) 1293 1293 1293 (N/A) 1293 (N/A) (N/A) 1260 519 (N/A) (N/A) 1293 474 1293 (N/A) 1173 (N/A) 1293
CG10321 15 No 1980 1974 (N/A) 1881 1980 1980 (N/A) 1971 1980 1888 1980 1953 (N/A) 1980 (N/A) 1133 (N/A) 1980 1980 1908 (N/A)
CG10343 17 No 648 648 (N/A) 648 552 651 648 648 648 648 615 594 (N/A) (N/A) 648 648 (N/A) 615 648 609 567
CG10420 15 No 972 972 (N/A) (N/A) 579 972 (N/A) 972 972 972 (N/A) 63 (N/A) 972 972 972 (N/A) 972 972 633 965
CG10527 21 Yes 903 903 903 868 630 903 607 543 903 903 903 903 462 903 903 903 804 903 903 801 903
CG10576 21 Yes 1227 1227 1227 1230 1227 1227 1227 1227 1227 1227 1227 1227 294 1218 1227 1227 1158 309 1227 1227 1227
CG10590 20 Yes 1544 1689 942 1689 1689 1689 1479 1689 1689 790 1689 1689 (N/A) 1689 1689 1689 1689 885 1506 1689 1689
CG10616 18 Yes 1605 1605 (N/A) 1605 1605 1608 (N/A) 1605 1605 1605 1605 1206 (N/A) 1605 1605 327 1605 745 1605 1605 1605
CG10621 16 No 984 984 981 984 (N/A) 984 978 984 897 984 984 981 (N/A) (N/A) 963 (N/A) 294 726 984 903 (N/A)
CG10623 19 Yes 975 975 939 975 975 975 (N/A) 975 975 672 765 841 (N/A) 969 975 748 821 975 975 957 972
CG10639 19 Yes 1278 1278 1281 1281 564 1278 1272 960 1278 1122 1242 1281 (N/A) 1284 (N/A) 960 567 121 1131 1281 1281
CG10660 16 No 864 1302 (N/A) 1521 1521 1521 1380 831 1521 1521 1521 (N/A) (N/A) 1392 (N/A) 1521 1464 (N/A) 1521 1335 510
CG10674 20 Yes 330 330 255 330 330 324 183 310 330 330 330 330 (N/A) 330 330 330 201 330 330 330 330
CG10688 20 Yes 762 762 765 762 762 762 762 522 762 762 762 765 (N/A) 762 762 762 762 762 489 762 762
CG10721 18 Yes 1458 1452 (N/A) 1000 1458 1455 531 1458 1458 1437 1458 252 (N/A) 1458 1458 1325 (N/A) 1458 1458 1458 1458
CG10754 19 Yes 648 648 648 648 648 648 648 648 648 648 648 511 (N/A) 648 648 648 (N/A) 529 453 617 648
CG10778 18 Yes 885 885 (N/A) 885 840 885 (N/A) 885 885 885 885 546 (N/A) 885 885 870 861 885 885 243 885
CG10824 17 No 1599 1599 (N/A) 1455 1596 1599 (N/A) 1524 1587 1599 1599 1599 (N/A) (N/A) 1599 1518 1338 693 1593 1596 1599
CG10830 9 No (N/A) 504 (N/A) 684 (N/A) 684 (N/A) 624 603 (N/A) 504 (N/A) (N/A) (N/A) 684 (N/A) (N/A) (N/A) 470 453 (N/A)
CG10841 16 No 2151 2184 (N/A) 2187 2187 2187 2187 2187 2187 2001 2151 2187 (N/A) (N/A) 2187 1674 (N/A) 2187 2178 2040 (N/A)
CG10903 19 Yes 543 708 750 828 435 828 828 606 828 828 762 717 (N/A) (N/A) 828 798 327 240 546 798 822
CG10915 19 Yes 831 831 831 831 831 831 831 831 831 831 831 785 (N/A) 831 831 831 558 (N/A) 831 831 831
CG10932 21 Yes 1239 1221 1242 1239 1239 1245 627 1239 1239 1239 1239 1239 708 1233 1239 956 1017 1239 1239 966 1239
CG10947 19 Yes 957 963 963 957 963 960 906 957 954 954 957 954 (N/A) 957 957 957 891 759 963 921 (N/A)
CG10984 17 No 2295 2145 (N/A) 2163 2295 2295 (N/A) 543 2197 2295 1266 2162 (N/A) (N/A) 948 2295 1446 711 2295 2295 2295
CG11034 18 Yes 2154 2160 (N/A) 2160 2160 2163 (N/A) 2010 2163 1692 2148 2163 (N/A) 2160 2163 837 2022 801 2157 2163 2019
CG11035 15 No 582 582 (N/A) 582 582 582 (N/A) 582 (N/A) 582 582 579 (N/A) (N/A) (N/A) 582 582 582 582 582 156
CG1105 21 Yes 1287 1074 423 1281 1275 1287 1287 1287 1287 1287 1287 1287 246 1287 1287 1287 1131 1287 1161 1287 1182
CG11070 19 Yes 2817 2817 990 2817 2721 2817 2193 2817 2817 1980 2653 2814 (N/A) (N/A) 2817 2531 2817 1671 1989 2814 2772
CG1109 17 No 711 741 735 735 117 735 735 636 720 741 (N/A) 204 (N/A) (N/A) 708 687 741 (N/A) 117 627 672
CG11137 18 Yes 501 486 501 501 501 501 (N/A) 501 501 501 501 501 (N/A) 495 501 501 (N/A) 501 501 501 501
CG11148 17 No 426 426 (N/A) 426 426 426 (N/A) 426 426 426 426 414 (N/A) (N/A) 426 426 426 426 426 426 426
CG11412 19 Yes 459 459 459 459 459 459 459 459 459 459 459 459 (N/A) (N/A) 459 113 459 436 459 459 459
CG11537 15 No 1047 1473 (N/A) (N/A) 1473 1473 1206 1458 1470 450 1473 870 (N/A) (N/A) 1455 (N/A) 1470 1473 822 (N/A) 1470
CG11550 16 No 894 891 (N/A) 588 291 894 (N/A) 867 894 894 390 (N/A) (N/A) (N/A) 894 879 813 879 894 894 894
CG11658 19 Yes 1065 1065 1065 1065 1065 1065 1065 1065 1065 868 1065 (N/A) 390 1065 1065 (N/A) 1065 120 1013 213 1017
CG11699 17 No 363 438 (N/A) 363 117 438 (N/A) 438 363 363 418 438 (N/A) (N/A) 363 355 326 358 438 362 246
CG11737 16 No 1389 1392 (N/A) 1392 615 1392 (N/A) 1389 1392 1311 1060 (N/A) (N/A) 1392 1392 1389 1356 603 214 (N/A) 1392
CG11779 21 Yes 1191 1106 1191 1191 1191 1191 1191 1080 1182 1191 1191 1191 563 1191 1191 1081 1191 1191 1191 1191 1191
CG11790 15 No 882 882 (N/A) 588 882 882 (N/A) 882 882 882 882 (N/A) (N/A) (N/A) 882 882 (N/A) 882 882 846 882
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CG11837 16 No 654 849 918 918 918 918 765 918 918 912 540 (N/A) (N/A) (N/A) 912 912 825 645 (N/A) (N/A) 879
CG11857 20 Yes 555 555 555 555 555 579 546 555 555 555 556 561 (N/A) 552 555 555 555 555 555 564 555
CG11961 11 No 2442 780 (N/A) (N/A) (N/A) 2463 (N/A) 975 1287 1545 591 1035 (N/A) 2193 2460 (N/A) (N/A) (N/A) (N/A) (N/A) 2274
CG11964 17 No 1722 1320 1227 1758 849 1758 1215 690 1758 849 1644 510 (N/A) (N/A) 1758 1758 (N/A) (N/A) 1758 1758 1758
CG11975 20 Yes 1020 1020 1017 1020 1020 1020 1017 939 1020 1020 1020 1020 (N/A) 1020 1020 846 1020 633 1020 657 1020
CG11985 16 No 255 255 255 255 (N/A) 255 255 255 (N/A) 255 (N/A) 255 (N/A) 255 255 255 (N/A) 255 255 222 255
CG12004 21 Yes 1056 1056 1059 1014 1056 1065 1065 981 1014 1056 1056 1065 261 1065 1056 985 1020 390 1056 1065 1056
CG12016 16 No 1164 1164 (N/A) (N/A) 1050 1164 (N/A) 1164 1164 1164 1164 1164 (N/A) 1161 1164 1164 1161 (N/A) 1164 1164 1164
CG12025 17 Yes 510 444 510 (N/A) (N/A) 510 510 510 510 510 510 (N/A) 510 510 510 510 510 (N/A) 504 510 510
CG12071 15 No 396 693 (N/A) 693 507 693 (N/A) 492 693 (N/A) 693 432 (N/A) (N/A) 693 486 646 (N/A) 462 693 507
CG12263 13 No 1079 2757 (N/A) 2916 (N/A) 3105 (N/A) 2997 2631 1407 3098 1181 (N/A) (N/A) 3105 (N/A) (N/A) 570 294 (N/A) 2810
CG12343 18 Yes 678 678 393 507 678 678 678 678 678 678 570 282 (N/A) 678 678 678 (N/A) 678 678 (N/A) 678
CG12393 20 Yes 510 510 486 510 510 510 510 510 510 510 324 510 (N/A) 510 510 510 510 510 510 399 510
CG1240 18 Yes 696 780 780 681 780 780 (N/A) 780 780 780 780 780 (N/A) 288 737 780 (N/A) 780 780 754 780
CG1265 18 Yes 639 622 (N/A) 639 639 639 368 637 639 639 639 639 (N/A) 639 639 629 (N/A) 511 639 639 639
CG12814 20 Yes 1077 876 (N/A) 702 903 1077 924 702 702 702 1080 717 234 738 702 1080 906 669 1080 717 651
CG12858 14 No 1893 2133 (N/A) 2133 2133 2133 (N/A) 2136 2102 312 2133 (N/A) (N/A) (N/A) 2133 2133 2077 819 2133 (N/A) (N/A)
CG12991 18 Yes 561 561 (N/A) 561 482 561 (N/A) 561 561 561 561 561 (N/A) 561 561 561 492 321 405 216 375
CG13004 16 No 393 435 (N/A) 435 393 435 420 435 435 435 435 (N/A) (N/A) 435 435 (N/A) 372 (N/A) 303 300 435
CG1309 19 Yes 1581 1629 1542 1629 1438 1629 (N/A) 1629 1629 1629 1532 1629 (N/A) 1629 1629 1356 1629 1539 1629 1629 1629
CG13188 9 No 843 (N/A) (N/A) 843 (N/A) 843 (N/A) 843 (N/A) 529 765 (N/A) (N/A) (N/A) 843 (N/A) (N/A) (N/A) 597 82 (N/A)
CG1319 19 Yes 378 378 (N/A) 378 378 378 (N/A) 378 378 378 378 378 296 378 378 378 361 378 378 378 378
CG13298 21 Yes 366 366 362 366 366 363 324 366 366 366 366 366 179 366 356 366 366 366 366 366 366
CG13322 18 Yes 531 531 435 405 531 531 (N/A) 531 531 195 531 531 (N/A) 531 477 531 531 (N/A) 480 531 531
CG13360 15 No 1242 789 (N/A) 1056 714 1239 (N/A) 1170 1216 732 411 1239 (N/A) (N/A) 1242 658 474 (N/A) 1242 (N/A) 1242
CG13531 16 No 3291 2334 (N/A) 3276 951 3291 966 3243 2688 1098 2277 528 (N/A) 3063 3291 1185 (N/A) (N/A) 543 (N/A) 3291
CG1358 16 No 1299 1110 1140 1302 1089 1302 1050 1311 1311 1146 1311 (N/A) (N/A) (N/A) 1134 (N/A) 810 459 1299 (N/A) 1248
CG13603 20 Yes 666 669 669 663 414 669 669 669 669 669 669 645 (N/A) 669 669 642 669 669 669 666 198
CG13604 14 No 1251 1605 1626 1557 991 1773 864 1662 1530 (N/A) 1773 (N/A) (N/A) 1596 (N/A) (N/A) 1773 (N/A) 688 (N/A) 1773
CG13624 19 Yes 801 981 981 (N/A) (N/A) 798 699 981 963 717 981 870 964 969 981 807 972 933 213 837 894
CG13698 11 No (N/A) 948 (N/A) (N/A) (N/A) 948 (N/A) 948 (N/A) 237 863 933 (N/A) 935 (N/A) (N/A) 840 (N/A) 204 114 729
CG1371 20 Yes 3201 3675 (N/A) 3611 3675 3672 1206 3506 3648 1833 3675 3618 598 3675 3675 582 2383 1926 3675 2357 3675
CG13827 14 No 639 639 (N/A) 624 639 639 (N/A) 639 639 639 (N/A) 639 (N/A) 639 639 639 639 (N/A) (N/A) (N/A) 636
CG13893 19 Yes 1212 1212 1212 1212 1212 1212 603 1212 1212 1212 1212 1212 (N/A) 1206 1212 1212 1212 (N/A) 1212 804 1212
CG14141 18 Yes 441 441 441 441 441 441 441 441 441 441 441 441 (N/A) (N/A) 441 441 (N/A) 441 441 416 219
CG14194 19 Yes 1056 1077 621 1077 1077 1077 1077 1077 1077 960 1077 696 (N/A) 1077 1077 1077 (N/A) 339 996 750 1077
CG14220 16 No 852 852 (N/A) 180 732 846 (N/A) 695 796 801 645 852 (N/A) 852 807 852 (N/A) (N/A) 852 852 852
CG14232 20 Yes 1455 1455 1113 1455 1455 1449 1455 1455 1455 1455 1380 1428 (N/A) 1455 1455 1455 1455 1326 732 1109 1455
CG14299 15 No 4902 1653 (N/A) 4266 858 4902 (N/A) 3149 2217 1650 2778 2118 (N/A) (N/A) 4287 (N/A) 2670 1971 4170 (N/A) 4086
CG14305 17 No 717 858 (N/A) 858 546 870 864 858 855 855 852 858 (N/A) 864 858 858 (N/A) 711 858 858 (N/A)
CG14353 15 No 1152 1074 (N/A) 1149 678 1149 (N/A) 1149 1149 1149 1152 1152 (N/A) (N/A) 1149 822 (N/A) (N/A) 282 1119 981
CG14407 19 Yes 495 495 498 495 495 498 486 492 495 495 486 495 (N/A) (N/A) 495 495 495 375 495 441 498
CG14543 19 Yes 606 579 (N/A) 606 606 600 606 573 606 606 606 492 (N/A) 606 606 606 387 606 606 606 606
CG14562 14 No 513 (N/A) (N/A) (N/A) 1839 2019 (N/A) 2019 2008 654 1728 1101 (N/A) 1389 2019 (N/A) (N/A) 265 1770 192 1950
CG14591 16 No 552 765 (N/A) 765 765 762 765 765 765 462 765 744 (N/A) (N/A) 765 765 (N/A) 765 747 (N/A) 711
CG1461 19 Yes 1272 1272 1209 1272 834 1272 (N/A) 1017 1272 1272 963 1137 1257 1257 1158 1173 (N/A) 816 1050 792 675
CG14621 20 Yes 1161 1161 633 1161 1161 1161 750 1161 1161 1161 1161 1147 (N/A) 1152 1161 944 1086 378 1161 884 1161
CG14646 17 No 1239 1245 (N/A) 1236 1239 1257 (N/A) 630 1236 1170 1242 1179 (N/A) 1239 1236 1236 1236 (N/A) 1098 1242 1254
CG14722 16 No 1017 1017 1014 1017 708 1017 1014 861 1017 353 1017 (N/A) (N/A) (N/A) 1017 1017 960 (N/A) (N/A) 1011 1017
CG14830 17 No 423 1092 (N/A) 1092 573 1092 (N/A) 1092 1092 1089 1092 876 (N/A) 1092 1053 1092 1092 504 (N/A) 993 264
CG1486 15 No 1092 2118 414 2118 297 2118 2052 1812 2118 552 1539 (N/A) (N/A) 1326 2118 (N/A) (N/A) (N/A) (N/A) 1584 2118
CG14883 18 Yes 1044 930 699 1044 1044 1044 1044 1044 1044 996 936 (N/A) (N/A) (N/A) 831 1044 1041 442 1044 220 1044
CG14971 15 No 441 984 (N/A) 984 984 984 (N/A) 984 108 438 984 984 (N/A) (N/A) 984 984 984 (N/A) (N/A) 984 603
CG15012 15 No 456 456 (N/A) 456 (N/A) 456 (N/A) 456 456 456 456 456 (N/A) (N/A) (N/A) 456 456 456 363 456 456
CG15019 18 Yes 438 438 (N/A) 438 438 438 438 438 438 438 438 438 (N/A) 438 438 438 (N/A) 438 438 438 438
CG15027 16 No 546 546 (N/A) 546 315 546 549 546 534 546 546 (N/A) (N/A) (N/A) 546 426 (N/A) 519 546 393 546
CG15087 9 No 2229 (N/A) (N/A) (N/A) (N/A) 2229 (N/A) 2229 2229 666 1419 (N/A) (N/A) (N/A) 2229 (N/A) (N/A) (N/A) 1092 (N/A) 1680
CG15100 13 No 1353 2238 996 (N/A) 1486 2646 2067 2646 2529 (N/A) 591 1254 (N/A) (N/A) 2646 (N/A) (N/A) (N/A) (N/A) 594 2508
CG15211 16 No 432 432 (N/A) 432 400 432 (N/A) 432 432 432 421 432 (N/A) (N/A) 432 432 (N/A) 432 432 432 396
CG15309 19 Yes 342 342 342 342 342 342 321 342 342 308 342 301 (N/A) 342 342 339 (N/A) 342 342 342 330
CG1542 15 No 894 (N/A) 948 945 939 948 948 948 948 948 (N/A) (N/A) (N/A) 948 948 948 (N/A) (N/A) 510 891 939
CG15523 15 No 4219 5171 (N/A) 6069 (N/A) 6072 (N/A) 6035 5460 1182 6069 1484 (N/A) 6069 (N/A) 6063 (N/A) 714 4008 5885 3767
CG15617 19 Yes 681 681 660 681 681 675 (N/A) 681 681 681 621 681 (N/A) 681 681 651 492 681 681 681 615
CG15628 19 Yes 246 870 858 858 870 870 744 858 870 870 852 852 504 (N/A) 870 870 (N/A) 870 849 870 855
CG15630 17 No 981 1164 (N/A) 1182 657 1200 (N/A) 1161 1182 960 1182 1080 (N/A) (N/A) 996 1182 846 636 1173 1182 651
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CG15735 20 Yes 495 531 546 531 531 546 546 495 495 531 506 546 (N/A) 543 531 531 546 531 460 546 468
CG15814 20 Yes 963 963 918 963 963 963 785 963 963 963 963 876 (N/A) 963 963 838 963 786 963 963 963
CG1597 15 No 1335 2361 984 2352 1245 2361 1023 2208 1209 987 2361 1164 (N/A) (N/A) 2361 (N/A) (N/A) (N/A) (N/A) 534 1386
CG1662 16 No 558 558 558 558 271 567 (N/A) 558 558 558 558 558 (N/A) (N/A) 558 329 (N/A) 558 558 559 (N/A)
CG16717 18 Yes 885 888 891 888 888 888 873 888 888 888 (N/A) 162 (N/A) (N/A) 888 888 888 888 837 684 888
CG16935 19 Yes 1005 1005 705 923 1005 1005 (N/A) 1005 1005 1005 857 969 (N/A) 1005 1005 867 891 993 990 1005 1005
CG17124 16 No 375 375 375 375 321 375 213 375 375 375 333 (N/A) (N/A) (N/A) 375 (N/A) (N/A) 375 375 375 375
CG17352 17 Yes (N/A) 1794 1383 1794 1764 1794 399 1794 1794 537 1794 1770 472 (N/A) 1794 1574 810 (N/A) 1605 543 (N/A)
CG17385 16 No 735 711 (N/A) 735 519 735 (N/A) 735 735 735 735 (N/A) (N/A) 735 735 735 (N/A) 168 735 735 735
CG17387 15 No 444 2670 (N/A) 2670 2520 2670 (N/A) 2670 2670 1866 2670 2670 (N/A) (N/A) 2589 2592 (N/A) 1623 2670 2556 (N/A)
CG17565 18 Yes 1263 1095 792 1263 429 1263 636 1263 1221 1072 1263 (N/A) (N/A) (N/A) 1221 1263 1050 468 1200 1179 1263
CG17660 20 Yes 1671 1659 1671 1671 1602 1671 1671 657 1671 1671 1341 1671 (N/A) 1671 1671 1671 906 396 284 1634 1629
CG17683 20 Yes 1482 1236 648 1482 1482 1482 (N/A) 1263 1482 1482 1482 1437 195 1482 1482 1209 432 390 1482 860 1233
CG17687 13 No 1039 2007 (N/A) 1989 2007 2007 (N/A) 2007 2007 1332 1320 1629 (N/A) (N/A) (N/A) 1887 (N/A) 585 (N/A) 2007 (N/A)
CG17691 19 Yes 1140 867 1140 1140 1140 1140 1140 1140 1140 1092 1140 1140 (N/A) 1140 1140 1140 1140 (N/A) 1140 1140 1140
CG17746 20 Yes 900 900 423 900 864 900 900 900 900 900 876 900 (N/A) 900 900 897 882 891 891 900 900
CG17765 20 Yes 549 549 549 549 309 549 345 549 507 549 549 297 (N/A) 549 549 351 303 264 549 549 549
CG17841 20 Yes 1230 1230 1230 1230 1104 1230 1230 1152 1230 1230 1230 1230 219 (N/A) 1230 957 909 1230 1230 1230 1230
CG18012 18 Yes 1350 1350 (N/A) 1350 1005 1350 1350 1350 1350 1323 1350 1350 (N/A) (N/A) 1326 1350 1350 973 1122 1283 1350
CG1847 16 No 951 951 (N/A) 951 951 951 951 951 951 951 (N/A) (N/A) (N/A) (N/A) 951 951 288 411 951 953 951
CG18769 17 No 861 861 861 (N/A) 861 861 861 846 (N/A) 861 444 (N/A) (N/A) 861 861 855 837 861 390 396 861
CG18815 19 Yes 648 648 648 621 648 648 (N/A) 648 642 630 651 648 (N/A) 630 618 630 648 621 648 648 648
CG1951 16 No 2016 2793 1152 (N/A) 1032 2793 (N/A) 2793 2061 1290 1929 2370 (N/A) (N/A) 2358 2010 933 297 (N/A) 1050 2793
CG1998 17 No 828 (N/A) 879 879 879 879 879 879 843 744 783 528 (N/A) 855 843 (N/A) 879 519 831 (N/A) 663
CG2051 17 No 1212 1212 (N/A) 1212 1212 1215 (N/A) 1212 1212 1212 (N/A) 993 (N/A) 690 1212 1212 510 348 1212 1212 1212
CG2100 16 No 1254 (N/A) 576 1257 (N/A) 1233 1257 1257 1257 1257 1257 (N/A) (N/A) 1257 1239 1134 (N/A) 1257 1257 1257 1005
CG2116 16 No 237 402 (N/A) 756 (N/A) 756 (N/A) 756 756 756 750 621 (N/A) 756 756 (N/A) 756 312 240 753 753
CG2121 16 No 1398 975 (N/A) 1359 1392 1443 222 1443 309 1440 1443 447 (N/A) 1440 1443 1440 (N/A) 645 1443 (N/A) (N/A)
CG2182 17 No 270 1215 1206 1215 996 1209 1206 1215 1215 489 1215 1215 (N/A) (N/A) 1215 1215 1215 (N/A) (N/A) 792 1215
CG2200 16 No 507 624 (N/A) 624 726 726 (N/A) 726 723 726 687 249 (N/A) 729 726 174 (N/A) (N/A) 252 603 726
CG2224 16 No 1170 1329 1329 1329 1014 1329 1329 1317 1329 1329 1329 (N/A) (N/A) 1329 1329 (N/A) (N/A) (N/A) 816 1329 1329
CG2453 18 Yes 783 783 783 783 636 783 783 783 783 783 783 777 (N/A) (N/A) 783 (N/A) 678 783 768 528 783
CG2656 18 Yes 729 861 861 861 399 861 861 861 861 861 840 852 (N/A) 861 861 861 (N/A) 615 (N/A) 453 861
CG2658 21 Yes 1977 1977 1863 1977 1428 1977 660 1977 1977 1635 1977 1935 216 1977 1977 1506 1977 675 1977 1677 1899
CG2976 19 Yes 900 993 (N/A) 993 993 993 993 993 993 993 993 252 (N/A) 993 993 876 699 993 993 765 993
CG3008 20 Yes 2007 2007 2007 2007 735 2007 930 1895 2007 2007 1945 2007 222 (N/A) 2007 1795 507 2007 2007 2007 2007
CG30094 16 No 408 408 (N/A) 408 309 405 (N/A) 408 408 408 402 408 (N/A) 408 408 180 (N/A) (N/A) 408 408 345
CG30152 18 Yes 444 444 (N/A) 242 444 444 444 444 444 444 444 444 (N/A) 444 444 327 (N/A) 444 444 250 444
CG30185 17 No 540 531 (N/A) 540 540 540 (N/A) 540 540 540 540 540 (N/A) (N/A) 540 540 540 540 540 540 540
CG3040 17 No 714 714 (N/A) 227 714 714 (N/A) 714 714 714 714 714 (N/A) 714 714 714 (N/A) 714 714 714 714
CG30463 18 Yes 1515 1515 (N/A) 1515 1515 1515 (N/A) 1236 1497 1515 1515 1515 (N/A) 1515 1128 1515 1515 729 1515 1515 1155
CG30497 15 Yes (N/A) 885 1215 1215 (N/A) 1236 1221 1224 1227 465 924 (N/A) 1197 1236 (N/A) (N/A) 1236 117 (N/A) 1236 1236
CG30499 17 No 663 666 666 460 519 666 666 666 666 666 666 234 (N/A) 666 (N/A) 174 (N/A) 666 666 (N/A) 666
CG3081 12 No 1452 1452 (N/A) 1452 1308 1452 (N/A) 1452 1452 1449 1452 1383 (N/A) (N/A) (N/A) 651 (N/A) 813 (N/A) (N/A) (N/A)
CG3106 14 Yes 1431 (N/A) 792 (N/A) 459 1431 1365 1353 1332 978 1431 1431 291 (N/A) (N/A) 1110 1296 (N/A) (N/A) (N/A) 1038
CG31100 12 No (N/A) 2262 (N/A) 2262 (N/A) 2262 (N/A) 1872 1944 1170 2253 (N/A) (N/A) (N/A) 2262 1788 576 459 1617 (N/A) (N/A)
CG31108 19 Yes 2205 2208 (N/A) 2208 2184 2205 2208 2208 2208 2132 2208 2208 (N/A) 2208 2208 2205 2208 2208 2205 2208 2208
CG31195 18 Yes 1194 2421 (N/A) 2421 1089 2421 (N/A) 2421 1911 903 1833 1293 802 1605 2421 2337 2421 (N/A) 1416 2350 2421
CG31221 18 Yes 531 531 531 531 531 531 (N/A) 531 531 243 531 531 450 (N/A) 531 190 531 531 531 531 (N/A)
CG31224 12 No 576 444 (N/A) (N/A) 1152 1152 1152 1152 684 471 (N/A) (N/A) (N/A) (N/A) 1152 (N/A) (N/A) 135 (N/A) 1152 765
CG31414 14 No 1296 663 978 (N/A) 1296 1296 1002 978 543 1275 (N/A) 1017 (N/A) (N/A) 1296 1002 (N/A) (N/A) 690 (N/A) 1296
CG31550 18 Yes 984 984 870 984 984 984 984 831 984 984 984 984 (N/A) 981 984 984 984 (N/A) (N/A) 984 984
CG3156 18 Yes 1728 1551 (N/A) 1731 954 1731 (N/A) 1731 1731 1701 1731 894 (N/A) 1530 1731 1239 1170 951 1608 258 1731
CG31638 13 No 831 1416 (N/A) 822 1143 1416 (N/A) 1413 1416 1416 1416 (N/A) (N/A) (N/A) 1416 1071 (N/A) (N/A) 1329 (N/A) 1320
CG31689 20 Yes 1869 1832 (N/A) 1869 1869 1869 1647 1869 1869 1597 1869 1866 216 1866 1869 1792 1596 1527 1866 1866 1869
CG31751 18 Yes 1122 1122 (N/A) 1122 1020 1122 (N/A) 667 1122 1122 429 1009 (N/A) 1122 1122 811 579 991 1113 210 1122
CG31803 16 No 843 843 (N/A) 843 765 843 (N/A) 843 843 843 843 588 (N/A) 843 843 423 (N/A) 843 843 840 (N/A)
CG31886 16 Yes 1746 1746 (N/A) 1746 1746 1746 1746 574 1746 1507 1746 (N/A) 438 (N/A) 1746 1590 (N/A) 705 1746 (N/A) 1545
CG31961 18 Yes 1104 1104 (N/A) 879 1104 1122 (N/A) 1104 1104 1104 1104 1077 (N/A) 1104 1104 717 1014 1104 1009 1104 1104
CG32000 20 Yes 4092 3426 (N/A) 4092 4092 4095 3395 3983 4092 1209 4092 4085 231 4050 4092 3849 4092 1674 4002 1805 4092
CG32085 13 No 564 1182 (N/A) 1182 1065 1182 (N/A) 1182 1163 (N/A) 1030 (N/A) (N/A) (N/A) 1182 1182 1182 (N/A) 701 (N/A) 914
CG3209 17 No 538 536 543 543 543 549 544 502 543 541 541 490 (N/A) 539 194 508 538 (N/A) (N/A) 537 (N/A)
CG32137 19 Yes 1614 1587 1209 (N/A) 1614 1614 1386 1614 1617 1410 576 1614 (N/A) 1614 1614 1614 1560 642 1011 726 1337
CG3214 20 Yes 410 410 411 410 275 411 (N/A) 405 410 319 370 404 411 411 410 410 294 230 410 410 339
CG32264 19 Yes 729 1410 1354 (N/A) 432 1410 1288 1400 1323 1403 1410 687 258 1410 675 (N/A) 1410 1388 962 1353 1410
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CG32280 20 Yes 402 402 399 402 402 402 400 402 402 402 402 401 (N/A) 402 402 241 290 402 402 402 402
CG32396 15 No 556 1278 (N/A) 1140 282 1278 (N/A) 1215 1278 1278 1278 1278 (N/A) 1209 (N/A) 954 (N/A) 1194 591 1278 (N/A)
CG32485 17 No 672 672 (N/A) 672 672 672 669 672 672 672 672 672 (N/A) (N/A) (N/A) 672 672 672 672 672 672
CG32638 19 Yes (N/A) 495 489 492 495 495 (N/A) 495 495 495 465 495 210 249 495 465 495 318 495 297 495
CG32687 21 Yes 1137 696 1134 1137 960 1137 660 1120 1137 1077 1029 1137 825 1137 1137 261 1137 964 1137 1137 828
CG32772 19 Yes 1242 1242 1104 1188 1242 1242 1227 891 1242 1239 1242 (N/A) 291 1143 1227 1242 (N/A) 1116 1227 1077 1226
CG32795 21 Yes 1086 1086 1063 1086 1086 1086 1086 744 1086 1035 1086 1086 1023 1086 1086 1086 1086 1077 1086 510 1086
CG3295 20 Yes 1350 1296 1263 1350 1350 1350 1329 1143 1350 1350 960 1350 (N/A) 1350 1350 1332 174 294 1176 1350 1350
CG33090 18 Yes 1333 1683 (N/A) 2505 1687 2505 1401 2505 2211 507 1590 1230 (N/A) (N/A) 2505 1152 519 171 2505 447 2496
CG33298 14 No 3753 2010 (N/A) 3744 3729 3753 1437 3744 2235 (N/A) 3513 (N/A) (N/A) (N/A) 2262 774 (N/A) (N/A) 2754 2415 3753
CG34348 17 No 213 897 945 954 954 954 954 954 951 297 (N/A) 954 (N/A) 951 954 (N/A) 894 (N/A) 420 954 954
CG3436 15 No 1008 810 1020 (N/A) (N/A) 1047 1047 1044 1047 1047 1047 (N/A) (N/A) 1047 1047 762 (N/A) (N/A) 1047 918 1041
CG34404 17 No (N/A) 1242 (N/A) 1242 1145 1242 (N/A) 1242 1242 1038 874 1242 (N/A) 1207 1242 1140 1242 246 327 1110 1242
CG34455 16 No 894 894 (N/A) 894 894 894 (N/A) 450 894 894 894 894 (N/A) (N/A) 894 282 (N/A) 882 894 894 894
CG3529 19 Yes 1566 1743 1398 1743 1629 1743 1743 1662 1629 1743 (N/A) 1287 (N/A) 1743 1464 1743 1743 1743 1743 1686 1743
CG3556 14 Yes 429 1338 510 1338 345 1338 (N/A) 1338 1338 1251 1338 (N/A) 234 (N/A) 1338 (N/A) (N/A) 270 600 (N/A) (N/A)
CG3603 17 No 318 (N/A) 747 747 747 747 641 715 747 313 594 662 (N/A) (N/A) 747 670 603 537 (N/A) 747 747
CG3608 18 Yes 1557 (N/A) 1019 1554 789 1554 1531 1554 1520 1554 1359 1554 (N/A) 1554 1463 1554 1528 (N/A) 1333 1554 1175
CG3630 19 Yes 609 609 591 609 609 609 609 522 609 609 609 609 (N/A) 609 609 (N/A) 609 591 609 609 516
CG3632 16 No 1467 2076 (N/A) 504 (N/A) 2370 (N/A) 2058 2216 384 2315 1158 (N/A) 2370 2370 624 2370 (N/A) 755 381 2349
CG3689 18 Yes 633 633 (N/A) 456 633 633 633 627 618 192 633 (N/A) (N/A) 633 633 624 624 411 633 618 633
CG3711 14 No 1770 2301 (N/A) 777 471 2301 (N/A) 2079 2301 1431 471 927 (N/A) (N/A) 1977 (N/A) 1476 (N/A) 966 1893 (N/A)
CG3790 16 No 513 645 (N/A) (N/A) 465 1287 1071 1266 744 870 1179 (N/A) (N/A) 1287 1092 (N/A) 1287 396 1287 327 1209
CG3792 19 Yes 786 786 (N/A) 786 786 786 459 786 786 786 696 786 (N/A) 786 786 786 786 786 786 786 786
CG3793 19 Yes 969 969 378 969 140 969 608 449 969 969 969 651 (N/A) 969 969 969 (N/A) 969 280 960 969
CG3812 19 Yes 792 810 (N/A) 810 708 810 810 810 810 765 810 810 (N/A) 810 810 807 810 798 810 810 810
CG3829 17 No 1443 1107 (N/A) 1419 1443 1443 (N/A) 1443 1443 966 954 1068 (N/A) (N/A) 1443 1443 1443 1440 1389 603 828
CG3847 17 No 582 987 (N/A) 987 987 987 591 987 987 987 987 987 (N/A) 981 987 429 987 (N/A) (N/A) 987 987
CG3909 18 Yes 705 828 414 837 837 837 840 837 837 798 837 588 (N/A) (N/A) 837 (N/A) 837 426 837 837 837
CG3940 14 No 930 (N/A) (N/A) 930 930 924 (N/A) 930 930 930 744 393 (N/A) (N/A) 930 (N/A) 930 633 927 915 (N/A)
CG3967 15 No 567 567 (N/A) 430 567 567 (N/A) 567 567 562 567 567 (N/A) (N/A) 567 567 (N/A) (N/A) 567 567 567
CG40191 21 Yes 684 684 684 684 684 684 498 684 675 684 474 684 360 684 684 683 654 684 684 684 675
CG4045 17 Yes 696 (N/A) 696 420 681 696 (N/A) 696 696 690 597 696 411 696 696 474 (N/A) (N/A) 678 573 696
CG4050 13 No 1899 1899 (N/A) (N/A) 654 1896 (N/A) 1899 1899 522 (N/A) (N/A) (N/A) 1899 783 1899 705 (N/A) 789 (N/A) 1851
CG4091 18 Yes 564 389 (N/A) 387 564 564 (N/A) 564 400 564 564 564 137 564 564 564 564 (N/A) 564 564 561
CG4213 19 Yes 2049 465 (N/A) 2049 2049 2043 1812 2049 2049 1679 2049 2049 1922 2049 2049 2049 2049 (N/A) 2049 912 2049
CG4267 11 No 627 (N/A) (N/A) 633 609 633 (N/A) 369 (N/A) 633 633 333 (N/A) (N/A) (N/A) (N/A) (N/A) 624 624 633 (N/A)
CG42678 16 No 405 360 (N/A) 360 390 405 (N/A) 351 360 393 405 327 (N/A) 393 354 (N/A) (N/A) 393 405 363 318
CG42700 16 No 915 882 (N/A) 915 429 915 (N/A) 800 881 915 330 (N/A) (N/A) (N/A) 903 915 903 915 915 915 579
CG42708 19 Yes 1653 1653 423 1559 1641 1653 249 1220 1653 (N/A) 1143 1653 651 (N/A) 1653 1641 1431 1653 1203 1638 1641
CG42788 16 No 4834 4839 (N/A) (N/A) 4836 4857 (N/A) 4854 4819 2367 3984 1887 (N/A) (N/A) 4551 4854 4857 1581 4854 1866 4854
CG4301 12 No 1983 1767 774 (N/A) 1983 1983 912 1667 1983 718 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) 469 (N/A) 806 (N/A) 1142
CG43736 9 No (N/A) (N/A) (N/A) 423 (N/A) 423 (N/A) 423 423 423 423 (N/A) (N/A) (N/A) 423 423 (N/A) (N/A) (N/A) (N/A) 387
CG43780 18 Yes 498 498 (N/A) 498 498 498 (N/A) 498 498 498 498 498 (N/A) 372 291 183 498 498 498 495 498
CG4406 18 Yes 1092 975 (N/A) 1092 1092 1092 1005 1092 1089 1092 669 630 (N/A) 1092 1092 1092 (N/A) 918 804 585 1083
CG4433 19 Yes 702 711 384 711 137 711 167 711 711 711 711 (N/A) (N/A) 709 711 266 711 711 711 694 711
CG4467 9 No (N/A) 2598 (N/A) (N/A) 1143 3084 (N/A) 2997 3081 417 795 (N/A) (N/A) (N/A) 3066 (N/A) (N/A) (N/A) 2934 (N/A) (N/A)
CG4607 16 No 1218 855 (N/A) 1332 1419 1419 (N/A) 1311 1419 1356 (N/A) 1233 (N/A) 618 1419 1419 822 1335 795 1197 (N/A)
CG4612 21 Yes 132 594 594 594 594 594 594 594 594 594 414 222 240 594 594 594 594 594 540 594 594
CG4615 18 Yes 852 417 (N/A) 849 852 855 (N/A) 849 810 849 849 831 (N/A) 834 849 849 837 786 756 828 837
CG4646 19 Yes 489 489 489 489 489 489 (N/A) 489 489 465 486 489 (N/A) 489 489 321 231 489 489 447 459
CG4662 20 Yes 1197 762 504 1395 348 1416 762 792 1194 1272 1155 1224 (N/A) 1296 1194 867 369 1161 1200 1383 1386
CG4666 21 Yes 573 579 579 579 501 579 579 572 551 444 537 579 491 383 579 334 233 438 579 577 579
CG4670 20 Yes 2016 2019 726 1605 1470 2019 (N/A) 2019 2019 1620 2019 2019 699 2019 2019 1362 969 1203 2016 2019 2019
CG4681 15 No 627 615 (N/A) 627 624 624 (N/A) 627 627 627 627 621 (N/A) (N/A) 627 627 (N/A) 627 627 624 (N/A)
CG4751 16 No 4125 1656 (N/A) 4128 4125 4125 (N/A) 4125 3765 2007 2640 1596 (N/A) (N/A) 4125 4125 (N/A) 2610 3555 2673 1560
CG4769 21 Yes 921 921 921 921 921 921 921 883 921 921 921 921 921 921 921 921 922 921 921 921 921
CG4797 12 No 960 1059 (N/A) 1449 816 1476 (N/A) 1473 1359 1473 (N/A) 897 (N/A) (N/A) (N/A) 1068 1203 (N/A) 309 (N/A) (N/A)
CG4822 18 Yes 1929 1602 (N/A) 1929 1929 1929 (N/A) 1929 1929 1044 1917 1560 249 1929 1929 (N/A) 1929 1749 1866 1551 1926
CG4829 15 No 1683 1683 (N/A) 1683 852 1683 (N/A) 1281 1683 849 1605 1509 (N/A) 204 1596 1680 (N/A) (N/A) 1677 672 (N/A)
CG4925 15 No 1857 1734 2025 (N/A) 1986 2019 (N/A) 2025 2025 2025 2025 (N/A) (N/A) (N/A) 2025 (N/A) 2025 492 1428 2025 2025
CG4936 16 No 1674 1209 1614 1629 1674 1674 (N/A) 1674 1665 1674 1674 375 (N/A) (N/A) 1674 1674 1674 (N/A) (N/A) 1674 1674
CG4996 12 No 1500 (N/A) (N/A) 2868 2268 2868 (N/A) 2868 2868 1371 2568 (N/A) (N/A) 1770 2853 (N/A) (N/A) (N/A) (N/A) 684 2856
CG5013 19 Yes 678 675 666 675 675 678 (N/A) 675 675 675 675 675 (N/A) 675 675 675 675 675 675 675 675
CG5027 20 Yes 1212 1212 1113 1212 1023 1212 1212 1212 1212 1212 1212 1212 285 (N/A) 1212 1212 666 1212 1212 1212 1212
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CG5033 15 No 528 924 1914 (N/A) 399 1914 1914 1914 1800 774 246 1914 (N/A) 1914 1914 (N/A) (N/A) 357 (N/A) (N/A) 1914
CG5116 17 No 1548 1179 1551 1548 828 1551 (N/A) 1197 1551 1548 534 (N/A) (N/A) 1548 1530 1545 (N/A) 1548 1548 1548 1548
CG5131 16 No 735 864 864 786 864 864 (N/A) 861 864 840 810 (N/A) (N/A) (N/A) 864 503 (N/A) 858 864 726 861
CG5149 18 Yes 1140 1140 1134 1140 1140 1131 1134 1140 1140 783 1137 909 (N/A) 1140 1140 1140 1140 (N/A) 1137 (N/A) 1140
CG5177 21 Yes 825 825 822 825 822 828 825 825 825 825 825 825 624 516 822 825 774 825 825 768 825
CG5261 21 Yes 1176 1353 1335 1353 1254 1353 925 1297 1353 1353 1353 1270 987 1287 1353 848 1353 1213 1131 1286 1353
CG5276 19 Yes 942 972 (N/A) 972 972 972 942 972 972 972 972 972 (N/A) 972 972 831 468 963 972 972 972
CG5282 11 No 516 1377 (N/A) 1263 327 1377 (N/A) 1377 1377 570 1158 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) 105 1374 (N/A) (N/A)
CG5287 17 No 1224 1224 1164 1224 1218 1227 1146 1224 1224 840 303 (N/A) (N/A) 1224 1224 1224 (N/A) (N/A) 696 1209 1224
CG5412 20 Yes 705 705 246 705 623 705 176 705 705 705 705 705 (N/A) 705 705 705 350 650 705 466 705
CG5447 17 No 408 408 264 408 408 396 408 408 408 408 396 (N/A) (N/A) 408 408 408 408 (N/A) (N/A) 408 408
CG5482 21 Yes 1269 1269 1269 1269 1269 1269 660 1269 1269 1269 1263 1269 330 1269 1269 1269 900 1269 1104 1269 1269
CG5554 20 Yes 984 984 (N/A) 984 984 984 984 984 984 690 798 984 282 414 984 984 339 984 984 984 984
CG5567 20 Yes 948 948 948 948 948 972 975 948 948 948 948 948 (N/A) 948 948 948 855 948 948 948 948
CG5599 16 No 1392 1365 1359 1446 516 1446 1446 1446 1446 1446 933 (N/A) (N/A) 1446 1383 (N/A) 1071 (N/A) 1320 (N/A) 1446
CG5608 15 No 1968 (N/A) 558 1722 2064 2061 1842 1986 1533 963 (N/A) (N/A) (N/A) 2064 2067 (N/A) 2049 (N/A) 2064 663 2067
CG5641 18 Yes (N/A) 1164 1200 1197 774 1197 1197 1173 1197 1194 1143 1197 (N/A) 1197 1197 1197 (N/A) 1185 444 1197 1197
CG5642 21 Yes 1620 1620 1620 1620 1620 1620 1620 1479 1620 1620 1620 1620 1278 1620 1620 1620 873 1620 1620 1620 1620
CG5660 16 No 1683 2808 (N/A) 2589 2808 2808 (N/A) 2394 2808 1506 2808 2808 (N/A) 2484 (N/A) 2013 (N/A) 1398 756 2685 2190
CG5745 19 Yes 1047 1047 349 1047 1047 1047 1047 1047 815 1022 1026 (N/A) (N/A) 346 1047 1038 982 356 1047 738 1047
CG5805 18 Yes 957 957 (N/A) 957 873 957 957 957 957 912 954 957 (N/A) 957 957 957 843 (N/A) 957 957 957
CG5807 18 Yes 1773 1773 (N/A) 1773 1773 1773 1653 1773 1713 1284 1773 1773 (N/A) 1773 1773 1257 1716 (N/A) 1773 1773 1773
CG5823 19 Yes 495 495 400 495 495 495 (N/A) 495 495 495 495 495 (N/A) 413 495 434 495 366 495 495 495
CG5844 18 Yes 852 852 357 852 852 837 (N/A) 771 852 852 849 633 (N/A) (N/A) 852 849 372 852 852 852 852
CG5850 15 No 1173 1134 (N/A) 1197 879 1197 942 1197 1197 897 1197 (N/A) (N/A) (N/A) 1197 1038 (N/A) (N/A) 1095 1197 1155
CG5861 19 Yes 124 687 687 614 687 687 687 687 687 687 687 687 (N/A) 687 687 687 (N/A) 687 671 454 688
CG5869 19 Yes 417 417 417 417 417 417 417 417 399 417 366 417 (N/A) 417 399 417 (N/A) 219 417 417 417
CG5885 21 Yes 573 435 573 573 573 573 573 573 573 573 573 573 289 573 573 573 573 573 573 573 573
CG5886 18 Yes 1197 1179 1197 1197 1122 1197 (N/A) 1116 1197 1197 1197 1197 (N/A) 1026 1197 1197 (N/A) 288 1197 1197 1197
CG5902 20 Yes 609 609 609 609 609 609 609 609 609 609 609 609 (N/A) 414 609 609 525 609 609 609 609
CG5916 16 No 939 978 (N/A) 978 832 978 978 978 978 978 978 (N/A) (N/A) (N/A) 978 940 978 484 978 (N/A) 978
CG5934 20 Yes 414 414 414 414 213 417 414 414 414 414 414 414 (N/A) 414 414 408 411 414 414 414 396
CG5938 19 Yes 507 507 (N/A) 507 297 507 399 507 507 507 507 507 (N/A) 507 507 507 507 507 507 507 507
CG5958 20 Yes 718 879 879 702 879 882 867 879 879 879 879 879 (N/A) 879 879 527 882 668 459 766 813
CG5966 15 No 1635 1632 (N/A) 1635 1341 1635 (N/A) 1542 1635 1170 1563 450 (N/A) (N/A) 1635 (N/A) (N/A) 225 1635 708 1632
CG5973 20 Yes 939 939 (N/A) 936 795 939 864 858 939 939 939 939 345 942 939 857 939 796 939 848 939
CG5987 17 No 1200 1950 (N/A) 1950 415 1950 1950 1950 1950 1950 1950 1899 (N/A) 1275 1680 1050 (N/A) 1950 1790 1950 (N/A)
CG5989 18 Yes 933 933 (N/A) 933 933 933 (N/A) 822 933 933 933 933 (N/A) 933 933 933 933 933 724 933 933
CG5991 16 No 633 1149 (N/A) 1146 (N/A) 1155 (N/A) 1149 1149 405 1038 1089 (N/A) 1146 1065 1128 1035 (N/A) 285 1149 1146
CG6006 17 No 477 1518 (N/A) 1662 1320 1686 (N/A) 1662 1656 696 1200 768 (N/A) 1440 1662 435 1662 (N/A) 1644 240 1662
CG6013 20 Yes 645 645 645 645 645 645 645 645 642 618 645 639 (N/A) 645 645 645 609 615 386 645 645
CG6015 17 No 1638 1481 890 1638 1638 1638 1620 1050 1638 1633 1634 1029 (N/A) (N/A) 1404 (N/A) 1479 1637 1637 (N/A) 1491
CG6094 16 No 618 618 (N/A) 561 618 618 (N/A) 486 618 618 504 207 (N/A) 618 618 (N/A) (N/A) 177 618 618 618
CG6125 11 No 1692 (N/A) (N/A) 1548 (N/A) 1692 1089 1587 1596 558 (N/A) 951 (N/A) (N/A) (N/A) (N/A) 1452 1686 1692 (N/A) (N/A)
CG6126 20 Yes 898 1677 1680 1674 1375 1680 1680 1563 1620 1041 1665 1665 987 1671 1677 1677 1677 (N/A) 278 903 1677
CG6153 17 No 588 636 (N/A) 636 603 636 (N/A) 579 636 630 636 (N/A) (N/A) 636 636 492 162 399 339 636 636
CG6179 17 No 813 975 729 978 975 978 978 978 978 978 507 (N/A) (N/A) 726 978 978 (N/A) (N/A) 450 288 978
CG6191 19 Yes 1212 1533 537 1132 1122 1533 882 1290 1450 1533 1514 1380 (N/A) (N/A) 1533 1413 1533 1497 1329 1533 1533
CG6195 18 Yes 1089 1089 1068 1089 973 1089 1089 978 1089 1089 1089 1089 (N/A) 1089 1089 971 838 (N/A) (N/A) 1089 1089
CG6293 20 Yes 1617 1567 1620 1617 1617 1617 1158 1395 1617 1617 1617 1617 (N/A) 1617 1617 1617 1572 1488 1617 438 1617
CG6329 18 Yes 462 465 (N/A) 465 438 453 (N/A) 393 465 393 465 465 360 465 465 174 459 465 465 465 (N/A)
CG6330 21 Yes 993 993 993 972 993 993 993 972 975 993 993 972 930 975 972 975 972 975 975 969 993
CG6398 19 Yes 870 870 870 781 834 870 (N/A) 870 870 870 829 870 (N/A) 870 870 870 870 870 870 870 870
CG6406 14 No (N/A) 1152 (N/A) 1152 (N/A) 1152 390 1152 1152 642 849 (N/A) (N/A) 1152 1152 1152 1152 (N/A) (N/A) 1035 924
CG6453 17 No 471 1695 (N/A) 1695 1673 1695 (N/A) 1695 1695 1452 1695 1695 (N/A) 1695 1695 1695 (N/A) 1267 240 1695 1344
CG6463 18 Yes 375 375 375 375 375 375 (N/A) 375 375 375 375 375 (N/A) 375 375 375 375 (N/A) 342 375 375
CG6567 15 No 714 714 (N/A) 714 (N/A) 714 (N/A) 714 691 714 714 714 (N/A) (N/A) 629 592 325 712 585 714 (N/A)
CG6574 17 No 1320 1338 (N/A) 1338 1149 1338 1338 1077 1338 1338 1338 1338 (N/A) (N/A) 1338 1185 1314 1335 1338 (N/A) 1338
CG6597 19 Yes 762 762 609 762 636 762 762 720 762 651 762 (N/A) (N/A) 762 762 762 762 762 762 630 762
CG6617 19 Yes 693 693 693 693 537 693 (N/A) 693 693 693 690 693 (N/A) 693 693 693 339 681 693 693 693
CG6665 14 No 1026 654 (N/A) 1104 210 1104 (N/A) 1104 1104 501 1060 1104 (N/A) (N/A) 1084 (N/A) 495 (N/A) 411 (N/A) 1104
CG6686 20 Yes 2202 2205 2205 2115 1212 2205 651 1569 2205 1947 2205 981 (N/A) 1245 2205 1866 2205 1734 2205 2205 2133
CG6707 18 Yes 617 672 672 662 672 672 (N/A) 672 672 672 672 672 (N/A) (N/A) 672 672 672 672 672 672 672
CG6712 17 No 921 856 921 921 651 921 885 921 921 921 869 921 (N/A) (N/A) 921 822 (N/A) (N/A) 711 921 921
CG6744 13 No 1734 1719 (N/A) 1734 1464 1716 (N/A) 1626 (N/A) 1452 1227 615 (N/A) (N/A) 1734 (N/A) (N/A) 612 (N/A) 1494 1734
Supplementary Table 2 (continue)
Appendix 3 - 22
Gene Density 603 subset Allo ind Arch eca Call vom Deca aen Dicr dis Dros mel Limn ung Mero sex Mero alb Mero fas Micr mit Nemo nit Orta alb Oryg luc Para sim Pero dik Salt sph Seps cyn Seps neo Them sup Toxo sp.
CG6758 16 No 534 534 (N/A) 190 534 534 534 534 534 534 534 534 (N/A) (N/A) 534 534 (N/A) (N/A) 270 534 519
CG6761 14 No 1908 1908 (N/A) 1905 1908 1890 (N/A) 1899 1908 1908 1902 1908 (N/A) (N/A) (N/A) 1908 (N/A) 1578 1908 1860 (N/A)
CG6769 21 Yes 1245 1242 618 1245 696 1245 1245 1245 1245 1245 1245 1245 264 1245 1245 1245 1245 1170 1245 1176 1245
CG6841 10 No (N/A) (N/A) 746 (N/A) (N/A) 2793 1040 1869 (N/A) 1308 2793 1168 (N/A) (N/A) 2796 (N/A) (N/A) (N/A) (N/A) 526 603
CG6907 17 No 1443 1443 (N/A) 1443 405 1443 (N/A) 1443 1443 1239 1443 732 (N/A) 1443 1443 1443 (N/A) 396 1005 1341 1443
CG6966 20 Yes 1812 1890 435 1938 2010 2010 2010 2010 2010 1110 2010 1875 (N/A) 2010 2010 2010 1941 2007 1995 1548 2010
CG6971 16 No 756 756 (N/A) 756 750 756 438 756 756 756 756 654 (N/A) (N/A) 729 756 (N/A) 549 429 756 (N/A)
CG6983 19 Yes 585 585 585 585 (N/A) 585 480 585 585 585 585 585 (N/A) 585 585 585 585 585 585 585 576
CG7028 17 No 1134 1134 768 678 1134 1134 1134 1134 1134 1134 1134 (N/A) (N/A) 1134 1134 198 1134 (N/A) 852 (N/A) 1134
CG7115 21 Yes 1668 1665 1668 1662 1663 1668 1662 1316 1668 1668 1662 1668 446 1668 1554 1668 1131 1668 1668 1668 1662
CG7149 19 Yes 1140 1176 (N/A) 1152 1041 1176 1146 1145 1041 231 1162 1137 (N/A) 1149 996 1176 1176 302 1176 1152 1176
CG7158 14 No 786 513 (N/A) 786 786 786 (N/A) 786 667 786 597 786 (N/A) (N/A) (N/A) (N/A) (N/A) 409 786 593 786
CG7192 19 Yes 987 987 501 987 987 987 987 987 987 987 987 987 (N/A) (N/A) 987 987 456 987 987 933 987
CG7196 14 No 1323 1320 (N/A) 1323 1320 1323 (N/A) 429 1320 1170 1320 1314 (N/A) (N/A) (N/A) 1320 (N/A) 1284 1072 1323 (N/A)
CG7197 20 Yes 537 537 341 537 537 537 537 537 537 537 537 537 (N/A) 537 537 537 537 537 537 491 537
CG7220 20 Yes 429 462 462 430 462 462 311 430 429 431 429 430 (N/A) 462 429 431 462 431 427 462 431
CG7222 20 Yes 618 618 618 618 618 618 561 618 618 594 618 618 (N/A) 411 618 444 618 618 618 618 618
CG7277 16 No 1241 1308 (N/A) 1308 785 1311 (N/A) 1308 1305 1308 846 1232 (N/A) (N/A) 1308 1302 687 1308 1308 1308 (N/A)
CG7379 19 Yes 1464 1464 651 1410 1464 1464 702 1464 1464 1464 1326 1464 (N/A) (N/A) 1464 1464 846 1410 1464 1260 1464
CG7394 17 No 357 291 (N/A) 345 252 354 (N/A) 354 345 345 354 357 (N/A) (N/A) 345 276 339 357 357 357 357
CG7409 20 Yes 462 462 (N/A) 462 462 462 242 462 462 462 462 462 439 462 462 462 462 453 462 462 462
CG7414 20 Yes 1191 1479 1476 1482 1485 1488 (N/A) 1485 1482 1443 1485 1482 1485 1485 1482 1398 159 1464 1485 1485 1485
CG7427 20 Yes 744 744 744 744 744 738 744 744 744 744 744 744 (N/A) 744 744 744 744 744 744 744 744
CG7430 21 Yes 1512 1512 1041 1512 1512 1512 1512 1402 1512 1512 1512 1512 1512 1512 1512 1512 1490 1512 1512 1512 1512
CG7497 17 No 1206 843 (N/A) 1206 1206 1206 1197 1206 858 825 1092 822 (N/A) 1203 1206 1206 1203 (N/A) (N/A) 837 1206
CG7523 17 No 717 711 (N/A) 717 717 705 (N/A) 717 717 717 717 717 (N/A) (N/A) 717 717 651 717 717 717 717
CG7556 19 Yes 1641 1641 1629 1641 1197 1647 1476 1464 1641 1641 1641 1614 (N/A) (N/A) 1641 1227 558 1638 1368 1641 1578
CG7565 11 No 1851 2094 (N/A) (N/A) 1383 2244 1503 2244 2244 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) 297 1257 351 1359 (N/A) (N/A)
CG7600 15 No 285 1710 (N/A) 1707 (N/A) 1707 1710 1710 1710 1089 1710 1098 (N/A) (N/A) 1710 (N/A) 129 (N/A) 288 318 933
CG7607 15 No 420 420 420 420 420 420 387 420 (N/A) (N/A) 165 369 (N/A) (N/A) 420 420 201 420 420 (N/A) (N/A)
CG7611 19 Yes 1341 1641 1392 1641 1269 1635 1641 1641 1641 (N/A) 1641 (N/A) 402 1641 1641 1641 1464 1641 1641 1641 1092
CG7638 16 No 1343 1005 (N/A) 1632 1364 1632 1632 1632 1632 1230 1632 1632 (N/A) 1632 1632 (N/A) (N/A) (N/A) 168 345 1546
CG7639 18 Yes 1290 1290 (N/A) 1290 1263 1290 1134 1290 1290 1290 1290 1185 (N/A) 1290 1290 1152 (N/A) 1185 1290 1290 1245
CG7685 15 No 333 651 (N/A) (N/A) 651 651 (N/A) 651 651 651 651 (N/A) (N/A) 651 651 (N/A) 642 651 606 651 651
CG7686 17 No 1542 1404 (N/A) 1542 1542 1542 (N/A) 1542 819 1542 1542 660 (N/A) 1542 1542 1542 882 1542 (N/A) 735 1500
CG7718 16 No 1377 1236 1377 1377 963 1377 1377 1176 1377 1377 1281 (N/A) (N/A) (N/A) 1377 1377 (N/A) (N/A) 915 1377 1377
CG7720 19 Yes 2018 1917 (N/A) 2289 2289 2289 2274 2289 2289 1983 1593 2289 996 (N/A) 2289 1306 1563 678 2289 1086 2289
CG7770 19 Yes 375 375 (N/A) 375 375 375 375 375 375 375 375 375 (N/A) 375 375 375 375 368 375 375 375
CG7781 18 Yes 354 450 444 450 450 450 432 450 384 450 450 (N/A) 195 (N/A) 450 450 297 450 450 447 (N/A)
CG7789 20 Yes 630 918 888 918 480 927 921 918 918 918 918 918 (N/A) 918 918 918 918 918 918 918 918
CG7794 16 No 888 1314 (N/A) 1314 1227 1314 (N/A) 1314 1314 1314 1314 1314 (N/A) 1314 1314 1314 (N/A) 1287 1314 522 (N/A)
CG7806 13 No 495 735 (N/A) (N/A) (N/A) 4554 (N/A) 4542 (N/A) 1863 261 948 (N/A) (N/A) 3303 (N/A) 2238 354 3622 540 3168
CG7834 20 Yes 753 759 759 759 759 759 759 753 759 759 754 759 572 (N/A) 753 600 527 759 759 751 588
CG7878 19 Yes 1479 1518 1284 1518 420 1521 1521 1209 1521 711 1266 1224 (N/A) 1506 1503 1260 1482 (N/A) 1407 786 1119
CG7979 16 No 1016 1158 (N/A) 1158 1158 1155 1158 1158 1158 789 1158 618 (N/A) 1158 1158 1158 (N/A) (N/A) 354 (N/A) 1158
CG7993 17 No 933 930 933 933 624 960 939 930 933 933 804 879 (N/A) 936 933 927 (N/A) (N/A) 933 (N/A) 933
CG8003 17 No 258 1158 1158 1158 (N/A) 1158 1158 1158 1158 1155 1158 1158 (N/A) (N/A) 1158 1158 (N/A) 165 192 657 1158
CG8027 14 No 1896 1896 (N/A) 1863 1896 1896 (N/A) 1896 1782 225 606 (N/A) (N/A) (N/A) 1896 1875 1233 (N/A) 1602 (N/A) 1074
CG8028 17 No 650 1647 (N/A) 1701 393 1704 (N/A) 1701 1701 1701 1689 270 (N/A) (N/A) 1617 717 1212 1251 1701 1455 1593
CG8031 19 Yes 885 765 885 885 885 885 885 885 865 860 885 872 (N/A) 885 885 850 885 852 867 885 (N/A)
CG8032 15 Yes 1605 1533 (N/A) 1671 1671 1671 (N/A) 1671 1671 243 1671 (N/A) 237 (N/A) 1668 1617 1671 (N/A) 744 (N/A) 1671
CG8111 16 No 1140 1140 (N/A) 1140 1140 1140 (N/A) 1062 1140 1116 1137 1137 (N/A) (N/A) 1140 1140 1137 (N/A) 1035 300 1137
CG8112 16 Yes 1347 1347 468 1335 (N/A) 1347 1107 1347 288 1038 1266 1302 975 744 1340 1347 (N/A) (N/A) (N/A) (N/A) 1347
CG8121 19 Yes 774 774 (N/A) 776 774 774 774 665 774 459 726 499 (N/A) 774 774 530 774 514 774 774 774
CG8223 19 Yes 1125 1683 1683 1137 252 1683 1683 1596 1683 1683 1683 1683 (N/A) 1683 1683 1683 (N/A) 750 717 1674 1629
CG8312 14 Yes (N/A) 1101 1110 (N/A) (N/A) 1158 738 1074 1158 (N/A) 894 1158 723 1074 1158 1083 669 (N/A) (N/A) (N/A) 204
CG8320 18 Yes 522 522 (N/A) 522 522 522 (N/A) 522 522 522 522 522 (N/A) 522 522 522 516 522 522 522 522
CG8366 17 No 1224 1002 1157 1226 994 1242 1229 1171 1009 1144 309 (N/A) (N/A) (N/A) 1226 1224 (N/A) 888 1227 1025 1229
CG8379 20 Yes 2031 2055 999 2058 2058 2124 1497 2055 1260 801 1800 1152 (N/A) 2058 2058 1656 1713 459 1734 726 2058
CG8405 16 No 1362 1305 (N/A) 1209 (N/A) 1362 (N/A) 1362 1362 306 (N/A) 1362 (N/A) 1362 1362 1245 1362 1362 1362 567 1353
CG8412 16 No 1686 1722 (N/A) 1284 1236 2418 (N/A) 1497 1929 1767 1219 2409 (N/A) (N/A) 1086 1164 993 356 (N/A) 636 1473
CG8468 17 No 222 1554 (N/A) 1935 (N/A) 1935 (N/A) 1770 1935 1704 339 1935 (N/A) 1935 1719 1923 1935 240 279 1362 1203
CG8481 18 Yes 504 504 (N/A) 492 504 504 (N/A) 504 492 480 504 504 (N/A) 504 492 504 504 286 504 485 460
CG8519 15 No 621 417 537 453 618 621 (N/A) 621 621 618 621 618 (N/A) (N/A) 621 621 (N/A) (N/A) 621 621 (N/A)
CG8520 18 Yes 1194 1359 (N/A) 1359 1359 1359 (N/A) 1359 1164 1359 1359 1350 (N/A) 1359 1359 369 1080 1359 1125 1350 1359
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CG8531 18 Yes 1584 1584 (N/A) 1509 1584 1587 (N/A) 1422 1584 1584 1581 1584 (N/A) 1584 1584 1584 1578 1476 1584 1527 1572
CG8578 21 Yes 816 936 693 813 936 936 936 513 936 642 936 936 696 816 816 936 936 690 936 885 930
CG8602 20 Yes 1269 1548 1185 1467 702 1554 1395 1461 1548 1548 1548 1548 (N/A) 1446 1548 1431 1476 1548 1548 1548 1548
CG8630 17 No 627 (N/A) 417 906 585 906 (N/A) 906 906 273 906 906 (N/A) 906 906 273 906 777 564 462 (N/A)
CG8635 19 Yes 1281 963 1281 1281 729 1281 1281 1032 1281 1215 1281 1281 (N/A) 1281 1281 1281 1275 (N/A) 996 1281 1281
CG8646 15 No 1632 819 (N/A) 1632 962 1632 (N/A) 1632 1632 1632 777 1632 (N/A) (N/A) 1632 813 (N/A) (N/A) 632 1632 1632
CG8668 20 Yes 852 852 852 852 852 852 840 671 852 852 852 852 (N/A) 852 852 852 852 852 685 577 852
CG8671 17 No 374 549 468 549 549 549 549 549 549 549 533 (N/A) (N/A) 549 549 (N/A) 549 500 542 (N/A) 521
CG8675 13 No 375 447 (N/A) 447 390 447 (N/A) 447 447 444 447 (N/A) (N/A) (N/A) 447 (N/A) (N/A) (N/A) 447 432 447
CG8678 18 Yes 1047 1290 750 1551 1014 1551 1551 1551 1551 1095 606 (N/A) 972 786 753 (N/A) 495 (N/A) 360 777 645
CG8726 19 Yes 1476 1446 (N/A) 1173 1491 1488 1116 873 1476 1392 1476 1476 (N/A) 1377 1476 1494 1335 1299 1074 1476 1476
CG8778 19 Yes 734 801 801 801 786 801 801 801 801 801 801 424 (N/A) 801 801 802 660 132 801 (N/A) 682
CG8814 19 Yes 1104 1086 (N/A) 1104 1036 1104 (N/A) 1062 1104 1104 1074 942 465 1104 1104 1073 1026 1104 1104 1104 1104
CG8830 19 Yes 2514 2514 (N/A) 2514 2514 2514 2223 1989 2514 1920 2514 2514 (N/A) 2508 2361 2391 2514 1590 2481 2514 2514
CG8851 15 No 565 789 (N/A) 798 798 798 (N/A) 798 798 798 798 798 (N/A) (N/A) 798 798 (N/A) 624 798 798 (N/A)
CG8888 17 No 798 1062 729 1161 633 1161 1158 1161 1161 1098 1161 (N/A) (N/A) (N/A) 1161 207 (N/A) 795 1041 1158 288
CG8929 15 No 288 288 (N/A) 288 170 288 276 288 288 (N/A) 288 (N/A) (N/A) 282 288 (N/A) 282 (N/A) 240 288 288
CG9008 20 Yes 882 882 862 835 851 882 879 792 882 882 824 718 (N/A) 882 882 827 873 882 882 881 882
CG9044 14 No 1020 (N/A) (N/A) 1020 522 1020 (N/A) 1020 1020 (N/A) 1020 (N/A) (N/A) 1020 1017 1020 999 (N/A) 1020 303 1020
CG9135 14 No (N/A) (N/A) 1461 1461 1054 1461 1461 1461 (N/A) 184 (N/A) 248 (N/A) (N/A) 1461 1461 (N/A) 296 1461 1461 1461
CG9164 14 No 963 144 (N/A) 963 963 963 (N/A) 891 957 957 291 396 (N/A) 471 (N/A) (N/A) (N/A) 154 960 960 (N/A)
CG9175 19 Yes 1395 1395 1395 1395 1395 1395 1008 1395 1218 1212 1395 474 (N/A) 1035 1395 1395 (N/A) 390 744 360 1395
CG9205 18 Yes 363 393 (N/A) 699 699 660 (N/A) 699 699 699 699 621 (N/A) 699 699 699 204 699 699 690 297
CG9238 18 Yes 774 774 774 774 705 771 753 774 774 774 774 774 (N/A) (N/A) 774 774 774 (N/A) 753 729 771
CG9246 13 No 588 384 1572 (N/A) (N/A) 1689 (N/A) 1395 996 1344 (N/A) (N/A) (N/A) 1488 1689 (N/A) (N/A) 504 188 720 1689
CG9253 14 No 1410 822 1392 1350 1344 1410 1413 1407 1362 1173 (N/A) 408 (N/A) (N/A) 1365 1365 (N/A) (N/A) (N/A) (N/A) 1410
CG9265 18 Yes 927 927 927 927 927 906 825 927 927 927 927 927 (N/A) (N/A) 927 (N/A) 927 927 927 927 927
CG9306 20 Yes 435 434 421 435 387 435 432 435 435 435 435 434 (N/A) 435 435 435 435 218 435 435 435
CG9376 15 No (N/A) 708 (N/A) 705 (N/A) 708 (N/A) 708 708 708 708 247 (N/A) 708 708 708 (N/A) 708 708 520 708
CG9380 14 No 2511 2511 (N/A) 2202 (N/A) 2511 (N/A) 1841 2511 1557 1916 1122 (N/A) (N/A) 2511 1173 936 948 1581 (N/A) (N/A)
CG9384 16 No 1809 1809 (N/A) 1809 1710 1809 960 1809 1683 858 (N/A) 1809 (N/A) (N/A) 1467 1203 1809 (N/A) 1080 987 1695
CG9444 14 No 1449 744 (N/A) 1341 1077 1449 (N/A) 1377 1449 1092 (N/A) 534 (N/A) (N/A) 750 1245 1284 225 (N/A) 174 (N/A)
CG9547 18 Yes 1197 1197 1197 1197 (N/A) 1197 1197 1197 1197 1197 1197 1047 (N/A) 1197 1197 1188 1155 1077 (N/A) 1197 1197
CG9628 18 Yes 486 486 (N/A) 486 485 486 (N/A) 486 486 475 486 486 337 (N/A) 486 372 352 486 486 486 454
CG9662 18 Yes 450 450 (N/A) 450 426 450 450 450 239 450 255 450 (N/A) 450 450 450 (N/A) 450 450 397 450
CG9747 21 Yes 1155 612 798 936 1149 1164 1152 1149 1149 1056 1149 1155 249 771 1149 1152 1074 1149 1149 1158 975
CG9773 20 Yes 756 714 756 756 660 756 732 756 756 756 756 756 (N/A) 756 756 398 756 714 417 486 756
CG9855 20 Yes 837 843 742 843 702 837 843 793 843 843 843 716 (N/A) 843 843 843 843 843 843 843 843
CG9865 19 Yes 1410 1410 1395 1410 1410 1410 (N/A) 990 1410 1410 1332 1410 (N/A) 1410 1410 1329 813 1410 1407 1245 1347
CG9953 21 Yes 1482 1482 1431 1212 1482 1482 375 1482 1482 1482 1482 1482 582 1482 1482 1482 1482 1482 1482 1482 1482
CG9987 17 No 1518 1518 1499 (N/A) 1417 1518 1518 1518 1518 1015 312 1378 (N/A) 1518 1518 (N/A) (N/A) 583 1331 1492 1500
chas 14 Yes 1293 1293 (N/A) 1293 858 1293 (N/A) 1290 1293 (N/A) 1122 (N/A) 345 1293 1293 (N/A) 1287 (N/A) 738 (N/A) 1293
Chi 20 Yes 1767 1767 1767 1512 1767 1767 1767 1767 1533 1767 1767 1521 (N/A) 1536 1767 1767 1500 1767 1767 1527 1767
Chmp1 21 Yes 609 609 609 609 609 609 536 609 609 609 609 609 427 609 609 609 609 609 522 609 609
Cht7 10 No (N/A) 1188 (N/A) 2748 (N/A) 2748 (N/A) 2748 (N/A) 939 2724 (N/A) (N/A) 2748 2751 (N/A) (N/A) (N/A) 1403 2655 (N/A)
Ciao1 15 No 1011 1011 (N/A) 1011 1011 1011 1014 1011 905 1011 1011 (N/A) (N/A) (N/A) 1011 672 (N/A) (N/A) 799 1011 1011
cib 18 Yes 381 381 381 381 381 381 (N/A) 372 381 378 372 372 (N/A) 264 381 (N/A) 381 381 381 381 381
Cirl 18 Yes 2181 2211 333 2211 1032 2211 1740 1616 2211 372 2211 2211 (N/A) 798 2211 (N/A) 504 (N/A) 1989 2102 2175
CkIIalpha 21 Yes 1008 1008 1008 1008 1008 1008 1008 1008 1008 1008 1008 1008 614 1008 1008 1008 1008 1008 1008 1008 1008
Clc 21 Yes 750 759 765 279 759 762 762 753 756 759 759 759 618 759 759 747 288 759 519 753 759
ClC‐b 20 Yes 1957 2106 1875 2106 1987 2106 2050 2106 1785 657 1371 2106 (N/A) 1587 2106 273 1767 1221 2106 267 2106
cNIII‐like 19 Yes 888 888 798 888 888 888 717 885 690 888 888 657 (N/A) (N/A) 809 796 885 888 888 882 885
Coprox 19 Yes 1008 1008 1011 1008 1008 984 786 1008 939 942 975 1011 (N/A) 1008 1008 574 954 963 1008 (N/A) 1008
CoRest 16 No 729 (N/A) (N/A) 840 462 831 840 840 795 441 537 (N/A) (N/A) 840 789 764 687 (N/A) 618 206 789
cpa 20 Yes 858 858 354 858 858 858 858 603 858 858 858 858 (N/A) 858 858 858 858 858 858 858 858
cpb 19 Yes 831 831 831 831 756 831 831 831 831 131 828 831 (N/A) 831 831 831 762 (N/A) 212 831 831
Cpr100A 15 No 831 831 (N/A) 831 255 831 786 651 831 831 831 831 (N/A) (N/A) 831 (N/A) (N/A) 831 645 825 (N/A)
Cpr62Bb 16 No 576 576 576 576 576 576 (N/A) 576 354 576 576 (N/A) (N/A) (N/A) 576 576 510 222 576 576 (N/A)
crim 19 Yes 453 453 (N/A) 453 453 438 453 303 450 453 276 453 (N/A) 271 453 453 453 453 453 435 453
Crk 20 Yes 912 912 912 912 912 912 826 912 891 901 912 912 (N/A) 912 912 912 912 912 912 912 912
crq 13 No (N/A) 1476 (N/A) 1479 (N/A) 1476 (N/A) 1233 1476 1476 1476 1476 (N/A) (N/A) 1479 723 600 (N/A) (N/A) 1440 1473
cry 15 Yes 1171 1580 (N/A) 1635 693 1650 (N/A) 1635 1635 1290 1635 (N/A) 675 (N/A) 1641 1641 1622 592 (N/A) (N/A) 1641
Csat 19 Yes 1134 1089 501 1134 934 1131 1131 965 1098 1134 1134 1095 (N/A) 1134 1134 1134 1134 372 571 1119 (N/A)
Csk 21 Yes 1164 1164 1164 1164 1162 1164 659 1164 1164 1164 1158 1164 542 1164 1164 1164 1164 1164 1164 1164 1164
CSN4 18 Yes 1233 1227 1182 1122 1233 1233 1197 1233 1224 1224 1212 1224 (N/A) 1233 1230 312 (N/A) 1233 706 (N/A) 1233
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CSN6 20 Yes 897 897 897 897 567 897 897 876 897 897 897 897 (N/A) 897 897 897 873 897 480 819 897
Csp 19 Yes 438 (N/A) 681 219 492 696 477 512 441 699 657 456 (N/A) 369 583 653 429 699 417 564 456
CstF‐64 15 No 921 813 1125 1389 804 1389 1389 1293 1389 1332 (N/A) (N/A) (N/A) (N/A) 1389 558 (N/A) (N/A) 207 648 1389
Cul‐5 15 No 1050 (N/A) (N/A) (N/A) (N/A) 2520 2409 2520 2520 1137 1233 258 (N/A) (N/A) 2520 2520 1665 121 1329 1536 2520
cv 18 Yes 783 783 783 783 783 780 (N/A) 626 783 783 783 702 (N/A) (N/A) 783 783 600 783 783 729 783
cv‐d 14 Yes 2552 1233 (N/A) (N/A) 1587 4422 2976 4377 1281 1164 (N/A) 564 339 (N/A) (N/A) 2490 4144 (N/A) 3174 (N/A) 4023
CycC 19 Yes 816 816 816 816 762 816 798 816 816 816 816 801 (N/A) (N/A) 816 816 816 756 816 798 654
CycY 16 No 693 1269 1269 1269 (N/A) 1269 1269 1269 1269 1185 1269 (N/A) (N/A) (N/A) 1269 (N/A) 687 423 103 306 1269
Cyp4aa1 16 No 1077 1524 (N/A) 1524 (N/A) 1524 618 1444 1524 1524 1524 852 (N/A) (N/A) (N/A) 1524 1242 921 1131 1524 1524
da 14 No 579 579 516 579 (N/A) 579 579 579 579 579 579 (N/A) (N/A) (N/A) 579 477 (N/A) (N/A) (N/A) 579 504
dally 19 Yes 1752 1380 (N/A) 726 1734 1782 351 1785 1254 192 1785 1749 513 1785 1785 (N/A) 1785 1371 1387 1782 1520
Dat 18 Yes 639 639 (N/A) 519 618 639 (N/A) 639 639 639 477 468 (N/A) 639 639 408 639 639 639 588 294
dbe 17 No 1059 1059 1056 1059 735 1059 1059 1059 (N/A) 1059 609 (N/A) (N/A) 1059 1059 867 (N/A) 228 1059 654 1059
Dcr‐2 16 No 5261 5226 (N/A) 4953 5280 5280 (N/A) 5280 3593 1905 4647 336 (N/A) 2904 5280 5208 (N/A) 1925 5280 3063 (N/A)
Dd 19 Yes 729 729 615 726 711 729 729 717 717 654 705 726 (N/A) 414 729 695 (N/A) 447 729 729 729
Der‐2 20 Yes 732 732 732 732 393 723 708 657 732 729 732 732 (N/A) 732 732 732 726 732 705 732 717
Dic1 19 Yes 837 837 (N/A) 837 837 834 837 822 837 837 381 837 (N/A) 649 837 748 667 837 837 507 795
Dip‐C 19 Yes 1164 758 1452 1373 474 1452 (N/A) 1302 1452 1383 1452 1452 (N/A) 1452 1452 1452 766 1413 180 1446 1452
DIP2 19 Yes 2346 1963 1791 2846 993 2925 2511 2022 2247 521 2570 914 (N/A) (N/A) 2925 384 1491 1104 2847 264 2591
Dmn 15 No 1149 1149 (N/A) 1149 1149 1149 (N/A) 1149 1149 1149 1149 1149 (N/A) (N/A) (N/A) 1149 (N/A) 1149 858 1152 1149
DNApol‐iota 18 Yes 765 1809 (N/A) 1821 273 1821 (N/A) 1821 1821 1821 816 1815 1528 1775 1821 1821 1821 (N/A) 350 903 1302
Dnz1 17 No 837 837 (N/A) 837 837 837 837 837 837 837 837 561 (N/A) (N/A) 837 837 837 (N/A) 837 837 837
dock 18 Yes 339 1242 1242 1242 686 1242 1093 1230 1242 (N/A) 1242 1242 (N/A) (N/A) 1242 1242 1143 300 324 1242 1084
Dp 17 No 954 255 471 606 (N/A) 954 954 954 954 954 954 (N/A) (N/A) 954 954 954 954 (N/A) 954 929 954
dpp 12 Yes (N/A) 270 545 1161 (N/A) 1167 (N/A) 1164 311 876 738 (N/A) 382 (N/A) 534 (N/A) (N/A) 142 (N/A) 390 (N/A)
dpr9 15 No 675 672 477 651 675 666 (N/A) 672 663 672 675 (N/A) (N/A) (N/A) 660 606 675 (N/A) 651 675 (N/A)
Drat 19 Yes 1173 1173 (N/A) 1173 1173 1173 1173 1173 1173 1173 1173 1173 (N/A) 1173 1173 1173 849 1164 1078 1173 1173
drd 16 No 2511 720 1038 2511 1913 2511 2514 2511 1302 1832 1575 504 (N/A) 2511 2394 (N/A) (N/A) (N/A) 2511 (N/A) 2511
drongo 19 Yes 222 222 222 222 222 222 201 222 222 (N/A) 222 222 (N/A) 222 222 222 222 222 222 204 222
dx 13 No 2133 2214 (N/A) 1827 2214 2214 2214 2214 2115 2184 (N/A) (N/A) (N/A) (N/A) 2208 927 825 (N/A) (N/A) (N/A) 1746
Dyb 19 Yes 1644 1644 1644 1644 1644 1644 1611 1230 1644 1299 1644 1644 (N/A) (N/A) 1644 1626 1405 1545 1644 1644 1644
dyn‐p25 18 Yes 561 303 564 561 438 567 564 561 561 561 450 417 (N/A) (N/A) 561 561 (N/A) 464 561 561 561
Eaf 21 Yes 795 795 792 795 795 795 795 795 795 726 795 795 759 795 795 795 795 726 795 795 795
ebi 17 No 1026 1101 900 (N/A) 1020 1101 1101 1101 1101 1101 1101 1101 (N/A) (N/A) 1101 1101 (N/A) 837 832 1101 1101
Edem1 13 No 2070 1887 (N/A) 2862 2597 3000 (N/A) 2991 2307 1716 1799 (N/A) (N/A) (N/A) 1980 (N/A) (N/A) 223 (N/A) 1125 2343
Egfr 17 No (N/A) (N/A) 906 3933 3743 4113 1194 3575 1293 1371 549 492 (N/A) 2457 4113 2490 (N/A) 494 289 1230 3285
Egm 17 No 1737 1773 (N/A) 1773 489 1773 (N/A) 1679 1689 1137 1765 1446 (N/A) (N/A) 1773 1619 1089 1053 1773 1681 1773
eIF‐2beta 21 Yes 963 963 495 963 963 963 963 963 963 963 963 963 594 963 963 963 933 963 849 963 963
eIF2B‐alpha 20 Yes 918 918 869 918 918 918 529 918 918 727 815 918 (N/A) 918 918 918 434 918 918 918 891
eIF2B‐delta 17 No 334 1026 (N/A) 948 909 1023 642 1026 1026 1026 1026 1026 (N/A) (N/A) 1026 963 609 1026 (N/A) 1026 932
eIF2B‐gamma 17 No 1386 1386 (N/A) 1386 1386 1386 (N/A) 1386 1386 1358 504 1350 (N/A) (N/A) 1383 249 162 876 1386 1314 1386
eIF3‐S9 21 Yes 2073 2073 2073 2073 2073 2073 2073 2073 2073 2073 2073 2073 1224 2073 2073 2073 2031 2073 2073 2073 2073
eIF4G2 17 No 477 807 (N/A) 807 807 807 (N/A) 807 807 (N/A) 807 807 (N/A) 807 807 429 492 692 786 807 807
elav 13 Yes (N/A) (N/A) 1029 759 276 1029 1032 1032 (N/A) 807 996 (N/A) 546 615 965 1017 (N/A) (N/A) (N/A) 1014 (N/A)
EloA 17 No 891 645 (N/A) 891 891 891 (N/A) 891 891 891 891 891 (N/A) (N/A) 852 813 354 501 891 891 891
EloB 20 Yes 354 354 (N/A) 354 354 354 354 354 354 258 354 354 219 354 354 354 336 354 354 354 354
Elp3 18 Yes 1647 1620 1647 1647 1530 1659 1644 1641 1647 1647 (N/A) 1629 (N/A) 480 1620 (N/A) 1371 241 1167 837 1647
emc 16 No (N/A) 258 135 258 (N/A) 258 258 258 258 258 258 133 (N/A) (N/A) 258 258 258 258 (N/A) 258 258
endos 20 Yes 363 363 288 363 363 363 339 351 363 363 366 366 (N/A) 363 363 363 363 363 273 363 363
epsilonCOP 20 Yes 891 891 831 891 891 891 861 580 891 891 876 861 (N/A) 891 891 550 816 891 891 772 891
Erk7 15 No 1050 1050 (N/A) 1050 963 1050 (N/A) 1047 1047 687 1050 1050 (N/A) (N/A) 486 657 (N/A) 1032 1050 1050 (N/A)
Etf‐QO 20 Yes 1815 1809 1494 1815 1815 1815 1029 1809 1815 1815 1815 1815 (N/A) 1815 1815 1815 1779 1521 1812 1815 1815
Evi5 16 Yes 2298 2439 1038 2436 (N/A) 2430 (N/A) 2062 2286 1110 2286 843 306 (N/A) 2239 (N/A) (N/A) 1845 1389 858 2436
fax 21 Yes 1005 1005 1002 1005 1005 1008 1008 1005 1005 1005 1005 1005 496 1002 1005 1002 977 1005 1005 1005 1005
fbl6 11 No 1017 1326 (N/A) 1329 246 1332 1335 1329 1329 960 (N/A) 822 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) 1203
FBX011 15 No 1239 1398 1086 1611 1416 1824 1791 1329 (N/A) 1215 (N/A) (N/A) (N/A) 1821 1824 (N/A) 1617 (N/A) 471 1824 1824
Fdh 19 Yes 1131 1131 1131 1131 1131 1131 1131 1131 1101 1131 1131 924 (N/A) (N/A) 1131 1131 1131 1131 1131 1131 1131
Fdxh 20 Yes 525 513 525 525 522 525 525 489 525 525 486 525 (N/A) 525 498 525 525 447 513 525 525
Fib 19 Yes 668 741 741 747 384 738 747 741 747 717 741 648 (N/A) 747 732 319 690 (N/A) 264 597 654
Fibp 18 Yes 945 657 702 945 627 945 945 945 945 831 540 945 (N/A) 945 945 921 918 (N/A) 945 (N/A) 945
Fie 18 Yes 699 699 (N/A) (N/A) 687 699 (N/A) 699 699 699 699 699 315 588 699 699 699 699 699 312 699
Fis1 17 No 279 210 (N/A) 264 261 279 (N/A) 264 264 264 279 264 (N/A) (N/A) 279 36 261 261 249 261 258
FK506‐bp2 19 Yes 324 324 324 324 324 324 294 324 324 324 324 324 (N/A) (N/A) 324 324 162 324 324 324 324
fl(2)d 17 No 606 606 552 606 606 606 579 564 606 606 573 606 (N/A) 606 594 (N/A) (N/A) (N/A) 438 606 528
fln 20 Yes 366 366 366 366 366 366 366 366 366 366 366 366 366 366 366 366 366 366 366 366 (N/A)
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Fmr1 18 Yes 1187 291 1206 1299 1159 1299 1226 1299 1299 (N/A) 1227 1299 (N/A) 1299 1299 1299 1299 (N/A) 711 1299 1287
fne 16 No 276 813 1095 1095 1095 1095 1095 1095 1077 666 1095 (N/A) (N/A) (N/A) 1095 1095 (N/A) 996 1077 1083 (N/A)
foxo 20 Yes 1386 (N/A) 799 1386 1386 1386 1283 1269 1386 366 1386 1246 915 1383 1386 1386 1386 1386 169 159 585
frc 19 Yes 960 939 960 960 539 960 960 960 960 745 960 508 (N/A) 960 960 960 (N/A) 208 516 294 960
FucT6 17 No 243 1068 (N/A) 444 (N/A) 1407 1407 1407 1407 1302 1407 825 (N/A) 1407 1407 1407 1407 648 234 (N/A) 987
FucTC 12 No 624 (N/A) (N/A) (N/A) 753 753 (N/A) 753 753 751 (N/A) 753 (N/A) (N/A) 753 (N/A) 456 753 753 (N/A) 585
fus 18 Yes 369 933 900 933 (N/A) 933 756 933 933 933 933 (N/A) 36 933 933 (N/A) 933 865 270 480 933
fusl 19 Yes 1020 1020 264 1020 580 1020 (N/A) 1020 1020 1020 87 1020 (N/A) 1011 1020 890 1020 1020 906 747 1020
fw 12 No 2677 1716 (N/A) 3268 (N/A) 3387 1419 3370 3387 1068 1800 (N/A) (N/A) (N/A) 3387 (N/A) (N/A) (N/A) 355 567 (N/A)
Gale 21 Yes 1053 1053 949 1053 1039 1053 1053 936 1053 1041 1053 1045 1002 1053 1053 882 1053 1047 1047 1056 933
GalNAc‐T1 16 No 804 1590 714 (N/A) 1587 1587 (N/A) 1161 1590 1350 1513 (N/A) (N/A) 1587 1587 1587 (N/A) 558 789 1587 1587
GalNAc‐T2 19 Yes 1657 1110 1074 1779 1384 1779 1721 1779 1779 756 1779 1779 (N/A) 1779 1779 (N/A) 1779 1779 147 1779 1593
Galphaf 17 No 1056 1056 1038 1056 1056 1056 126 1056 921 1056 1056 (N/A) (N/A) 615 1056 (N/A) 1056 (N/A) 1056 134 1056
Galphas 21 Yes 1146 1146 1146 1146 1146 1146 1146 942 1126 1146 1146 1146 621 1146 1146 1126 1146 1146 1146 1146 1146
Gasp 16 No 771 773 642 683 604 774 683 771 (N/A) 770 771 770 (N/A) (N/A) 772 (N/A) 433 647 771 500 (N/A)
gcl 18 Yes 1494 1468 1275 1485 1113 1494 1494 1494 1494 1023 1428 660 (N/A) 1491 1494 354 (N/A) (N/A) 1494 1494 1494
Gclm 17 No 888 888 (N/A) 888 888 888 (N/A) 888 885 888 888 888 (N/A) 888 888 651 (N/A) 888 888 888 888
Ggt‐1 16 No 1641 1416 (N/A) 1641 795 1644 (N/A) 1578 1641 1560 (N/A) 860 (N/A) 1644 1644 744 (N/A) 297 909 1194 1479
Gie 21 Yes 558 558 558 558 558 558 558 558 558 558 553 558 307 558 558 558 558 558 558 558 558
GIIIspla2 19 Yes 444 444 (N/A) 444 444 444 444 357 444 444 444 444 444 444 444 435 444 252 444 (N/A) 444
Gint3 19 Yes 1179 1347 (N/A) 1347 1251 1347 (N/A) 1070 1347 1347 1347 1347 234 1347 1347 1347 1347 1083 1275 1347 1347
GLaz 14 No 591 591 588 246 591 585 (N/A) 591 591 591 (N/A) 588 (N/A) (N/A) 591 (N/A) (N/A) 591 591 591 (N/A)
GlcAT‐I 17 No 933 702 (N/A) 933 933 933 (N/A) 450 933 933 933 (N/A) (N/A) 933 933 933 834 318 889 933 420
GlcT‐1 19 Yes 1182 1182 1182 1182 1177 1182 1182 1182 1182 1145 1182 1080 (N/A) 1182 1182 1182 1182 1182 321 (N/A) 1182
Gli 11 No 915 1002 (N/A) 2331 756 2943 (N/A) 2943 (N/A) 900 (N/A) (N/A) (N/A) 2736 2943 (N/A) 1509 (N/A) (N/A) (N/A) 573
glob1 17 No 468 459 (N/A) 459 468 462 (N/A) 462 456 468 468 459 (N/A) (N/A) 468 468 468 456 456 468 468
Glt 15 No 1266 1320 (N/A) 1320 (N/A) 1320 (N/A) 1320 1185 1317 1281 945 (N/A) (N/A) 1320 1320 1320 (N/A) 1320 1218 663
GluClalpha 18 Yes 769 759 666 740 595 789 758 731 746 (N/A) 749 (N/A) 205 769 756 756 (N/A) 643 646 656 753
GM130 19 Yes 1281 1281 (N/A) 1011 1281 1281 1281 1281 1281 999 1281 486 (N/A) 1101 1281 1281 1281 174 1107 1195 1281
Gmd 20 Yes 871 1065 1049 1063 762 1065 1065 979 1065 880 1065 800 (N/A) 1065 1065 1065 703 1065 736 837 1030
Gmer 18 Yes 966 966 804 (N/A) 966 966 966 807 966 966 615 966 (N/A) 966 966 711 (N/A) 966 966 948 966
Grip163 15 No 1059 1059 1032 1059 1011 1059 (N/A) 1059 1059 1059 (N/A) 1059 (N/A) (N/A) (N/A) 882 (N/A) 444 507 810 1059
Grip91 18 Yes 1734 1734 (N/A) 1734 1590 1734 (N/A) 1271 1734 1719 774 1419 (N/A) 1734 1383 910 1734 1451 1734 935 1544
grsm 20 Yes 1662 1614 1680 1662 948 1680 702 1550 1680 1659 1593 1680 (N/A) 1659 1662 1500 1536 1605 630 1680 1680
gry 15 No 4086 1077 (N/A) 3609 2754 4191 (N/A) 3695 2772 1308 3390 645 (N/A) (N/A) 4200 2034 (N/A) (N/A) 2012 2875 2796
Gs2 21 Yes 798 798 798 737 798 798 798 283 740 798 798 491 798 798 798 303 466 798 798 316 798
GstE11 17 No 678 678 (N/A) 678 (N/A) 675 (N/A) 678 678 678 309 678 (N/A) 678 678 373 678 192 678 678 678
Gug 12 Yes (N/A) 303 768 771 (N/A) 849 (N/A) 765 (N/A) 528 846 252 648 (N/A) (N/A) (N/A) 348 (N/A) 846 846 (N/A)
gw 21 Yes 1572 1572 1572 1572 1572 1572 1572 1572 1572 1398 1572 1572 751 354 1572 1572 1572 1572 1572 1572 1572
GXIVsPLA2 17 No 723 723 723 (N/A) 723 723 591 723 723 723 723 240 (N/A) 333 723 723 (N/A) 645 723 (N/A) 591
Gycalpha99B 17 No 207 1791 642 1989 1989 1989 1901 1989 1989 645 1938 1434 (N/A) (N/A) 1989 954 447 (N/A) 973 1272 (N/A)
hay 19 Yes 528 1872 2446 2460 708 2460 2202 1596 1323 1977 2460 2460 (N/A) 1986 2460 2460 2445 843 2460 (N/A) 2460
Hcf 11 No 1389 (N/A) 417 1389 1386 1389 (N/A) 1389 1389 (N/A) (N/A) (N/A) (N/A) (N/A) 1389 (N/A) 1308 (N/A) 1248 (N/A) 1389
hgo 17 No 1311 1268 1029 1002 489 1311 558 1308 681 1311 (N/A) 1163 (N/A) 1311 1167 1161 1215 (N/A) 1260 (N/A) 1311
hig 16 Yes (N/A) 783 (N/A) 1407 (N/A) 1512 126 1402 1488 297 1473 519 341 (N/A) 1314 1512 1512 (N/A) 680 390 225
hipk 17 Yes 1155 941 738 1999 1479 2085 1132 2047 2085 (N/A) (N/A) 363 566 (N/A) 2046 (N/A) 2082 138 1002 2085 2040
hk 17 No 2061 2061 (N/A) 2061 1802 2061 (N/A) 2061 2061 1632 1607 (N/A) (N/A) 2061 2061 2061 1188 1449 2061 1119 2061
Hlc 17 No 1698 1698 1545 1698 954 1698 1229 1698 1698 1659 1698 1419 (N/A) (N/A) 1698 224 (N/A) (N/A) 1698 1091 1401
Hml 15 No 3051 (N/A) (N/A) 4305 486 7551 (N/A) 7548 687 1482 375 990 (N/A) (N/A) 6471 2193 6159 666 430 1131 (N/A)
Hn 20 Yes 1356 1356 1126 1356 228 1356 742 1317 1320 1347 1356 1296 1086 1356 1356 1317 1356 (N/A) 1353 1356 1356
Hnf4 15 Yes (N/A) 408 1035 1035 (N/A) 1035 1035 1035 1035 1035 1035 (N/A) 909 1035 1035 (N/A) 1035 990 (N/A) (N/A) 996
Ho 18 Yes 810 810 (N/A) 810 810 804 (N/A) 810 810 810 810 810 (N/A) 810 810 732 534 780 702 810 810
hoip 18 Yes 381 381 381 304 (N/A) 381 381 348 369 381 381 304 (N/A) 381 381 381 251 218 (N/A) 381 381
how 20 Yes 600 921 459 902 624 939 522 924 939 939 843 561 774 918 921 (N/A) 939 939 723 852 708
Hph 20 Yes 678 306 702 405 666 699 156 654 678 702 702 702 (N/A) 702 678 702 606 609 333 699 702
HPS4 12 No 1553 2720 (N/A) 1854 (N/A) 2742 (N/A) 2214 2196 810 387 (N/A) (N/A) (N/A) 2742 (N/A) 1263 (N/A) 1521 (N/A) 1699
Hr96 18 Yes 984 411 513 984 876 975 927 984 984 981 975 957 (N/A) (N/A) 984 783 984 (N/A) 984 960 984
hrg 20 Yes 1644 945 1452 1647 1029 1647 1647 1647 1644 762 1536 1041 (N/A) 1386 1647 888 900 151 1439 1644 1647
Hsf 15 Yes 582 1377 (N/A) 1367 1377 1377 1377 1377 1377 (N/A) 1299 1371 273 (N/A) 1377 (N/A) 1377 (N/A) 1377 (N/A) 1053
HtrA2 16 No 1038 1038 (N/A) 984 615 1038 (N/A) 1038 1038 1038 1038 1038 (N/A) 1038 1038 (N/A) (N/A) 243 1038 1026 729
htt 13 No 567 1935 (N/A) 447 1992 1992 546 1992 1992 513 1470 (N/A) (N/A) (N/A) 1992 (N/A) (N/A) (N/A) 1585 (N/A) 1710
Hydr1 17 No 1248 1248 (N/A) 1248 1095 1248 (N/A) 1248 1248 1248 1248 1248 (N/A) (N/A) 1248 1248 654 960 1050 1248 1248
hyx 19 Yes 1659 1029 1659 1659 433 1659 1659 1659 1659 1308 1641 1089 (N/A) (N/A) 1659 1605 795 214 1659 1486 1659
Iap2 19 Yes 1593 1593 (N/A) 1479 1500 1593 1593 879 1593 1593 1470 1593 (N/A) 1272 1593 1593 1593 1593 1593 1593 1593
ics 20 Yes 855 807 831 855 831 855 342 855 855 525 855 207 333 843 855 855 (N/A) 655 855 855 816
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Ide 19 Yes 2925 2925 (N/A) 2772 2925 2925 2436 2925 2925 2001 2901 2925 (N/A) 2925 2925 2925 2925 2073 2878 2925 2925
ik2 18 Yes 2166 2166 1314 (N/A) 2166 2139 831 2166 2166 2166 822 (N/A) (N/A) 2166 2166 462 1876 873 2166 504 2166
Imp 21 Yes 1206 1341 1326 1332 1341 1341 1323 1212 1332 1329 1341 1320 999 1329 1341 1332 1341 1332 1308 1341 1215
ImpL2 20 Yes 678 678 450 678 678 678 678 678 678 678 678 678 414 (N/A) 678 678 678 678 334 678 678
inaE 12 No 1863 (N/A) (N/A) 1377 645 1914 (N/A) 1512 270 897 1914 (N/A) (N/A) (N/A) 1902 1884 (N/A) (N/A) 940 (N/A) 1865
IntS11 15 No 912 1203 1296 1791 879 1791 1791 1791 1242 1791 1779 910 (N/A) (N/A) 1791 (N/A) (N/A) (N/A) (N/A) 1791 1791
Inx3 19 Yes 1218 1107 (N/A) 1218 456 1218 1218 1218 567 1218 1218 1218 (N/A) 1218 1218 1218 1218 1218 1218 1218 1218
Ipp 15 No 1137 1143 (N/A) 906 1071 1137 (N/A) 1049 1140 1131 1140 717 (N/A) (N/A) 1140 1126 (N/A) 816 1077 (N/A) 684
jagn 20 Yes 591 591 591 562 591 591 556 591 591 591 591 591 (N/A) 591 591 591 432 591 591 591 591
JhI‐21 16 No 948 1431 (N/A) 1425 744 1422 1002 1431 1431 1149 1428 (N/A) (N/A) (N/A) 1431 1431 312 1431 1209 (N/A) 1431
kar 17 No 462 1284 (N/A) 1115 528 1284 1071 1211 1284 1284 468 1284 (N/A) (N/A) 1284 (N/A) 1281 660 886 1284 1254
Kdm2 13 No 3650 3638 1614 3912 957 3912 (N/A) 3549 2973 795 501 (N/A) (N/A) (N/A) (N/A) 1908 (N/A) (N/A) 243 (N/A) 2562
kel 8 No (N/A) 1555 (N/A) (N/A) (N/A) 1785 (N/A) 1696 1689 (N/A) 1785 (N/A) (N/A) (N/A) 1785 (N/A) (N/A) (N/A) 1413 (N/A) 1595
Kua 16 No 930 930 (N/A) 918 930 930 (N/A) 774 930 930 930 930 (N/A) (N/A) 915 930 (N/A) 909 930 930 930
l(2)35Di 17 No 480 480 (N/A) 480 480 483 (N/A) 480 480 480 366 480 (N/A) 480 480 (N/A) 270 470 345 480 480
l(3)01239 17 No 429 411 (N/A) 429 429 429 (N/A) 426 429 429 429 429 (N/A) 429 429 429 (N/A) 429 429 429 429
l(1)G0193 20 Yes 1419 1404 1419 1419 1182 1419 (N/A) 894 1410 1419 1401 1419 1063 1410 1410 954 1359 1419 1419 1419 1389
l(1)G0230 21 Yes 474 474 474 474 239 474 213 352 474 471 474 471 474 472 474 474 474 474 474 474 474
l(1)G0289 21 Yes 1305 1305 837 1305 1155 1305 1305 1305 1305 1227 1305 1305 1305 1230 1227 1246 1163 1227 1305 1215 1305
l(1)G0469 21 Yes 360 360 360 357 348 360 354 357 360 360 357 360 204 360 360 342 360 360 273 360 309
l(2)06225 19 Yes 297 297 297 297 297 297 (N/A) 297 288 297 297 291 (N/A) 297 297 297 297 297 297 297 297
l(2)09851 15 No 1425 (N/A) 1293 1425 435 1437 1437 1143 1422 612 (N/A) 162 (N/A) 1428 1244 1428 (N/A) (N/A) 213 (N/A) 1428
l(2)k14710 18 Yes 2543 (N/A) (N/A) 2607 2607 2607 1524 2315 2003 1530 2549 2592 228 (N/A) 2554 2493 2607 1599 2016 2367 2019
l(3)02640 18 Yes 569 765 (N/A) 765 765 765 765 765 765 219 765 (N/A) (N/A) 765 765 765 765 682 240 765 765
l(3)neo38 11 No (N/A) (N/A) (N/A) 1197 (N/A) 1206 (N/A) 1206 675 1200 (N/A) (N/A) (N/A) (N/A) 1206 (N/A) 579 1188 297 1204 528
Lamp1 18 Yes 678 678 (N/A) 528 230 678 (N/A) 678 678 678 678 678 (N/A) 678 678 678 555 678 678 678 579
Lapsyn 16 No 1044 633 (N/A) 1044 387 1047 (N/A) 1044 1029 1044 1035 564 (N/A) (N/A) 1044 957 798 1044 1044 (N/A) 1044
Leash 16 No 639 1650 (N/A) 1650 1650 1647 (N/A) 1131 1332 651 (N/A) 192 (N/A) 1122 1650 1650 264 (N/A) 1050 1650 978
Lerp 15 No 2538 2760 (N/A) (N/A) 2313 2760 (N/A) 2641 2760 1203 2760 801 (N/A) (N/A) 2760 2760 2337 (N/A) 1767 597 423
Letm1 21 Yes 942 1053 1050 1053 927 1053 471 1053 1053 884 1015 1053 732 1053 1053 1052 1047 1053 1053 1053 980
lid 8 Yes (N/A) (N/A) (N/A) 684 (N/A) 3393 3363 3393 (N/A) (N/A) 2577 (N/A) 264 (N/A) 3393 (N/A) (N/A) (N/A) (N/A) (N/A) 2184
lig 20 Yes 927 927 927 786 771 927 786 786 786 786 927 909 (N/A) 786 783 786 623 786 798 759 927
lig3 14 No 1701 (N/A) (N/A) 1701 561 1701 1437 1116 1701 765 1484 1222 (N/A) 1701 (N/A) 1161 (N/A) (N/A) 1248 (N/A) 1701
Lk6 20 Yes 1323 1326 1254 1326 1158 1326 1323 1290 1326 (N/A) 1326 1326 1326 1326 1326 1326 1209 418 1323 1326 1302
lkb1 18 Yes (N/A) 1569 720 1326 783 1569 1569 1569 1569 1569 1569 225 (N/A) (N/A) 1569 1569 1569 435 735 1569 1569
Lnk 12 Yes (N/A) 363 340 (N/A) (N/A) 363 363 363 (N/A) 165 (N/A) (N/A) 175 (N/A) 363 55 (N/A) (N/A) 244 129 258
lobo 14 No 2499 2064 (N/A) 2505 2499 2511 (N/A) 2082 2502 2471 2481 2421 (N/A) (N/A) (N/A) 2499 (N/A) 1494 2502 2487 (N/A)
loj 20 Yes 717 717 687 717 717 717 708 717 717 717 717 717 (N/A) 717 717 717 441 717 711 474 717
lolal 19 Yes 381 381 381 381 381 381 381 381 378 378 381 381 (N/A) (N/A) 381 381 381 360 369 381 381
lqf 20 Yes 756 762 630 750 537 762 567 762 762 762 762 507 (N/A) 762 762 648 750 762 507 762 762
Lrch 15 No 1038 2124 (N/A) 2658 2163 2700 (N/A) 2499 2700 777 504 (N/A) (N/A) 861 (N/A) 2556 2008 (N/A) 1782 1635 1569
LSm7 16 No 348 348 (N/A) 348 348 342 (N/A) 348 348 348 348 348 (N/A) (N/A) 348 348 (N/A) 348 348 348 348
lsn 20 Yes 759 759 759 759 300 762 753 759 759 759 759 753 (N/A) 756 743 616 759 753 729 759 741
ltl 15 Yes (N/A) 354 (N/A) 1650 1048 1650 (N/A) 1650 1650 (N/A) 306 (N/A) 589 1650 1650 1650 1650 1632 1611 (N/A) 1647
lwr 21 Yes 477 477 424 477 398 477 477 477 477 477 477 348 439 477 477 404 473 477 477 477 477
m‐cup 19 Yes 2148 2148 (N/A) 2148 2148 2148 1809 2148 2148 2148 2148 2148 (N/A) 2148 2148 1920 2148 2133 2148 2148 2072
Mad 18 Yes 1365 1383 637 1383 (N/A) 1383 1383 1383 1383 522 1383 (N/A) (N/A) 1383 1383 1383 1383 101 1327 1073 1383
Madm 19 Yes 273 1515 1062 1515 390 1515 1515 1515 1515 1515 1515 1492 249 (N/A) 1515 1515 1515 (N/A) 1178 1515 1515
mag 9 No 909 1128 (N/A) (N/A) (N/A) 1125 (N/A) 1128 1128 1128 (N/A) 1017 (N/A) (N/A) (N/A) (N/A) 711 (N/A) (N/A) (N/A) 1128
MBD‐like 16 No 525 525 (N/A) 519 525 525 (N/A) 525 393 525 525 516 (N/A) (N/A) 525 525 (N/A) 525 447 321 525
MBD‐R2 19 Yes 990 990 945 990 990 999 951 990 990 990 990 990 (N/A) (N/A) 990 990 396 555 987 876 993
mbf1 20 Yes 417 435 312 435 399 435 435 435 435 435 435 435 (N/A) 435 435 435 441 219 411 435 438
MED31 18 Yes 366 366 366 (N/A) 366 366 366 366 366 366 366 366 (N/A) (N/A) 366 327 366 366 366 303 366
meigo 18 Yes 1014 1026 (N/A) 1026 1014 1026 816 1026 1026 1026 1026 608 (N/A) 1026 1026 1026 (N/A) 346 1017 1026 1026
melt 14 Yes (N/A) (N/A) (N/A) 1840 (N/A) 1932 1506 1932 489 1734 1704 (N/A) 180 (N/A) 1932 (N/A) 1932 648 1926 1932 1506
MEP‐1 16 Yes (N/A) 1032 2070 2334 (N/A) 2334 2334 2172 2334 1119 1864 1331 973 2334 2334 (N/A) 2334 (N/A) (N/A) 2334 2112
MESR3 20 Yes 375 882 861 882 882 882 882 882 882 876 882 879 113 882 882 861 (N/A) 882 882 836 882
Mf 19 Yes 471 498 291 294 495 495 490 294 294 390 486 483 454 228 474 (N/A) 360 321 483 (N/A) 474
mfrn 19 Yes 909 865 909 909 807 909 891 909 909 909 909 909 (N/A) (N/A) 909 909 720 909 909 909 909
mgr 19 Yes 570 570 570 570 459 570 570 570 570 570 570 570 (N/A) (N/A) 570 570 570 570 570 570 570
mim 16 Yes 768 924 1026 927 1185 1212 (N/A) 927 942 (N/A) 1209 (N/A) 294 1212 1209 (N/A) 828 (N/A) 498 525 1209
miple 18 Yes 402 552 552 552 552 552 552 552 552 552 552 552 297 (N/A) 552 552 (N/A) 552 552 552 (N/A)
Mitf 20 Yes 810 597 (N/A) 843 810 843 825 843 822 810 843 843 411 843 810 810 822 804 438 729 825
mmd 6 Yes (N/A) 774 1191 (N/A) (N/A) 2511 (N/A) 2088 (N/A) (N/A) 660 (N/A) 327 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
Mmp2 14 No 687 687 (N/A) 687 687 687 (N/A) 687 468 567 687 (N/A) (N/A) 687 687 (N/A) (N/A) 47 687 687 (N/A)
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mmy 21 Yes 1440 1440 1440 1440 1219 1440 1243 1440 1440 1440 1440 1440 264 1440 1440 1440 1332 1440 1440 1434 1440
Moca‐cyp 20 Yes 554 1267 1236 1348 1093 1371 1371 1348 1357 1371 1288 1371 (N/A) 1349 1371 1236 1371 951 1043 1367 960
mod(r) 19 Yes 507 507 507 507 491 507 367 507 333 (N/A) 507 320 (N/A) 507 507 271 507 424 507 491 507
morgue 17 No 789 633 779 789 643 789 (N/A) 789 789 789 789 (N/A) (N/A) (N/A) 789 749 89 144 429 789 789
Mppe 17 No 1071 1071 (N/A) 1071 1011 1071 (N/A) 960 1071 1071 1053 (N/A) (N/A) 1071 1071 612 1071 672 1071 849 816
mRpL15 20 Yes 855 855 858 855 843 858 858 855 855 855 519 855 (N/A) 855 855 412 819 855 855 855 855
mRpL2 18 Yes 915 915 915 915 648 915 (N/A) 915 915 915 915 915 (N/A) (N/A) 915 768 879 693 438 915 915
mRpL20 17 No 450 450 (N/A) 450 450 450 (N/A) 450 450 450 429 450 (N/A) 450 450 450 (N/A) 450 450 426 450
mRpL24 18 Yes 744 744 (N/A) 744 744 744 (N/A) 744 744 744 744 729 234 744 744 744 (N/A) 744 744 675 552
mRpL28 20 Yes 957 957 957 957 925 957 312 957 957 957 876 957 (N/A) 957 957 957 918 957 957 957 957
mRpL3 18 Yes 1125 1125 1128 1128 (N/A) 1128 1077 921 1107 1080 1073 1121 (N/A) 1128 1128 1128 (N/A) 1107 1113 681 1128
mRpL4 18 Yes 846 903 (N/A) 903 866 906 573 903 903 903 891 192 (N/A) (N/A) 903 744 408 690 350 879 414
mRpL40 17 No 582 582 (N/A) 552 327 588 (N/A) 582 (N/A) 582 582 582 (N/A) 582 582 582 438 582 582 582 540
mRpL43 16 No 579 408 225 579 495 579 (N/A) 576 579 579 (N/A) (N/A) (N/A) 576 576 576 (N/A) 306 579 576 567
mRpL45 20 Yes 1047 1047 969 1047 1047 1047 957 849 1047 1047 1047 504 (N/A) 1035 1047 1047 1047 1047 1047 1047 369
mRpL47 19 Yes 674 672 444 672 668 672 (N/A) 672 672 672 634 672 (N/A) 671 672 672 445 631 628 672 670
mRpL50 18 Yes 471 471 471 471 471 471 (N/A) 471 471 471 471 471 (N/A) (N/A) 471 415 471 471 471 471 260
mRpL9 18 Yes 723 663 (N/A) 618 723 723 (N/A) 723 723 723 210 723 (N/A) 723 723 552 504 723 723 720 723
mRpS18A 15 No 465 465 (N/A) 465 (N/A) 465 (N/A) 465 465 465 465 324 (N/A) (N/A) 465 465 (N/A) 195 204 465 465
mRpS18C 16 No 306 306 291 306 150 306 (N/A) 306 306 306 306 306 (N/A) (N/A) 306 (N/A) (N/A) 270 306 286 306
mRpS21 19 Yes 261 258 261 261 261 261 261 261 261 237 231 132 (N/A) (N/A) 261 216 222 240 261 261 261
mRpS24 18 Yes 504 504 501 504 504 504 (N/A) 372 504 504 504 504 (N/A) (N/A) 504 504 504 504 504 504 504
mRpS30 16 No 1725 1725 (N/A) 1220 1725 1725 (N/A) 1572 1725 1725 1674 1719 (N/A) (N/A) 1725 1146 (N/A) 1709 522 1587 1725
mRpS33 21 Yes 336 333 336 336 336 339 318 336 336 336 243 336 195 339 336 336 189 291 336 318 336
mRpS35 19 Yes 888 885 885 885 885 879 885 879 885 885 885 885 (N/A) 885 885 594 (N/A) 885 885 885 885
msi 12 No (N/A) 429 1272 1272 (N/A) 1272 1272 1098 (N/A) 876 (N/A) (N/A) (N/A) (N/A) 1272 (N/A) (N/A) 558 585 876 642
mspo 15 Yes 360 1650 387 1650 159 1656 393 1377 1650 160 1650 (N/A) 171 (N/A) 1650 (N/A) (N/A) 192 (N/A) 957 (N/A)
mura 18 Yes 339 366 (N/A) 330 249 366 (N/A) 366 303 327 366 339 366 327 339 327 135 318 285 339 (N/A)
muskelin 15 No 2058 2535 (N/A) (N/A) 2512 2535 (N/A) 1167 2535 1320 (N/A) 714 (N/A) 2535 2535 (N/A) 1260 1635 2535 2319 2472
MYPT‐75D 11 No (N/A) 807 (N/A) (N/A) 276 1278 1278 1278 660 363 906 (N/A) (N/A) (N/A) 1038 (N/A) 1278 (N/A) (N/A) (N/A) 1278
Mys45A 20 Yes 2340 1867 1247 2340 2065 2340 2340 1804 2340 1526 2340 2230 (N/A) 2340 2340 2340 1722 222 2243 1380 2340
na 8 No (N/A) 3266 (N/A) 1668 1437 4299 (N/A) 3099 2679 594 (N/A) (N/A) (N/A) (N/A) 2400 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
nAChRbeta1 16 No 1349 1332 (N/A) 1368 1002 1368 (N/A) 1323 1194 1026 1323 1368 (N/A) (N/A) 1368 1335 1368 1368 1362 1368 (N/A)
nAChRbeta2 12 No (N/A) 646 (N/A) 1431 1310 1560 (N/A) 1484 772 1289 1374 (N/A) (N/A) (N/A) 1394 1539 979 (N/A) 1455 (N/A) (N/A)
nAChRbeta3 14 No 1064 1228 (N/A) 1159 1233 1233 (N/A) 1008 (N/A) 1233 780 1233 (N/A) (N/A) 1233 (N/A) 780 1233 1233 1177 (N/A)
Nap1 21 Yes 1119 1119 1119 1119 1119 1119 702 789 1086 1107 918 1083 348 1119 1119 1119 1119 1119 1119 1113 1104
NC2alpha 14 No 408 408 399 408 (N/A) 402 408 408 408 408 408 (N/A) (N/A) 408 (N/A) 408 408 (N/A) (N/A) (N/A) 408
NC2beta 17 No 573 573 300 (N/A) 435 573 573 573 573 435 573 396 (N/A) 453 573 372 (N/A) (N/A) 573 573 570
nclb 17 No 1428 555 1122 1428 858 1428 1434 1428 489 1323 585 1413 (N/A) 1428 1428 1428 378 (N/A) (N/A) (N/A) 1431
Ndfip 21 Yes 405 405 405 343 405 405 405 402 405 405 405 405 249 405 405 405 405 366 387 405 405
nec 17 No 1134 1137 (N/A) 1134 1137 1134 (N/A) 1137 1134 960 1137 1134 (N/A) (N/A) 1137 1134 1059 1134 1125 1134 1094
nemy 19 Yes 749 771 (N/A) 759 757 771 669 771 750 771 771 718 (N/A) 752 759 759 763 771 744 760 756
Nep3 19 Yes 2295 2337 (N/A) 2364 2364 2364 (N/A) 2352 2364 1065 2265 2359 193 2229 2364 2364 2364 1242 2364 1416 2364
Nf‐YB 14 No 480 396 480 (N/A) 480 480 474 480 453 480 (N/A) (N/A) (N/A) (N/A) 480 450 (N/A) 255 462 (N/A) 480
NfI 18 Yes 3069 3069 837 3069 3069 3069 660 3048 3066 759 2925 2241 177 (N/A) 3069 3069 3069 774 (N/A) 3069 (N/A)
NHP2 19 Yes 447 447 447 447 447 447 447 447 447 447 447 447 (N/A) 447 424 447 299 (N/A) 312 447 447
NijA 16 No 387 387 (N/A) 288 381 387 (N/A) 387 387 387 273 387 (N/A) 387 387 387 (N/A) (N/A) 354 387 387
NitFhit 15 No 1338 1335 (N/A) 1338 1338 1338 (N/A) 1338 1338 1338 1338 1338 (N/A) (N/A) 1338 715 1332 567 (N/A) (N/A) 1338
Nmt 19 Yes 932 1212 1212 1212 526 1212 1212 1212 1212 1212 1212 1212 (N/A) (N/A) 1212 1212 1212 891 1212 1106 1212
nop5 16 No 1344 1344 1344 1344 666 1344 1344 1344 1344 1317 1344 (N/A) (N/A) (N/A) 1344 1341 (N/A) 954 (N/A) 1083 1344
Nop56 18 Yes 1554 1560 1311 1557 1554 1563 1554 1083 1554 1227 1545 1554 (N/A) (N/A) 1560 1554 (N/A) 557 1431 795 1560
NP15.6 19 Yes 462 462 (N/A) 462 462 462 (N/A) 462 462 462 462 462 360 462 462 462 462 462 462 375 462
Nrx‐IV 18 Yes 846 3771 594 3771 (N/A) 3771 2445 279 2619 699 (N/A) 3390 565 3771 3771 (N/A) 225 1935 3420 1170 2808
Ns4 16 No 1815 1719 1767 1815 1815 1818 (N/A) 1728 1818 1758 1800 1650 (N/A) (N/A) 1815 1790 (N/A) (N/A) 1618 1815 1815
Nsun2 15 No 2088 2067 1347 2088 (N/A) 2088 2088 2088 420 1047 2010 486 (N/A) 1644 2085 (N/A) 546 (N/A) (N/A) (N/A) 1950
nudE 20 Yes 534 534 534 534 534 534 534 534 534 534 534 534 (N/A) 534 534 534 534 534 534 534 534
numb 17 Yes (N/A) 1065 975 900 (N/A) 1290 966 1197 1293 1122 1293 (N/A) 216 1290 1293 1293 1222 279 (N/A) 1293 924
Nup154 15 No 3590 3201 (N/A) 3657 3282 3657 (N/A) 3657 1044 1593 3633 2190 (N/A) (N/A) 1287 3642 (N/A) 1326 3657 (N/A) 3657
Nup62 17 No 641 436 642 641 287 636 642 642 642 642 636 556 (N/A) (N/A) 642 642 (N/A) 641 (N/A) 317 624
nwk 13 No (N/A) 2517 (N/A) 2388 (N/A) 2517 (N/A) 2424 2262 705 2331 1218 (N/A) (N/A) 2517 (N/A) 2246 (N/A) 1946 2421 2061
oaf 17 Yes 165 369 (N/A) 825 231 825 825 825 825 662 825 (N/A) 456 (N/A) 825 825 351 195 825 177 (N/A)
Obp99c 18 Yes 408 450 (N/A) 453 450 456 (N/A) 450 447 453 450 453 447 453 453 450 (N/A) 417 450 453 453
Oda 21 Yes 453 453 453 453 453 453 450 453 453 453 453 453 450 447 453 453 453 336 453 453 207
or 19 Yes 573 573 573 573 216 573 573 573 573 573 573 573 (N/A) 573 573 573 573 (N/A) 573 573 573
OstDelta 17 No 1929 1905 (N/A) 1791 1384 1923 (N/A) 1455 1929 1929 1923 1932 (N/A) (N/A) 1929 1751 776 1883 1929 1932 1863
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p115 20 Yes 1482 2574 1467 2565 790 2574 2040 2394 2556 2484 2519 2562 (N/A) 2298 2520 2565 953 1125 2568 2562 2574
p24‐1 21 Yes 582 582 582 580 580 582 574 582 582 582 582 578 412 582 582 536 242 582 582 581 581
P5cr 18 Yes 837 840 (N/A) 840 759 840 (N/A) 840 840 840 840 729 (N/A) 840 840 840 456 795 840 840 840
Pabp2 20 Yes 632 681 669 681 564 681 312 681 681 528 681 681 (N/A) 681 681 681 681 681 681 681 681
pain 15 No 2826 1899 (N/A) 2696 733 2826 (N/A) 2826 2697 1392 2115 2826 (N/A) (N/A) 2826 2826 (N/A) (N/A) 1850 741 1394
Pak3 15 Yes 147 1725 387 1725 (N/A) 1725 1635 1651 1725 1725 (N/A) (N/A) 640 1725 1725 (N/A) 1725 (N/A) (N/A) 543 1725
papi 17 No 1464 1464 (N/A) 1464 1464 1464 (N/A) 1186 1461 1260 1317 822 (N/A) (N/A) 1416 1464 1464 1302 1464 1464 495
Papss 18 Yes 1851 1854 1854 1836 1851 1851 1146 1508 1848 1032 180 1851 (N/A) 1828 (N/A) 1851 1851 (N/A) 919 1851 1776
par‐6 18 Yes 891 891 870 891 891 891 891 891 891 891 862 174 (N/A) (N/A) 891 888 (N/A) 417 891 351 891
park 17 No 1461 1358 396 1461 1461 1461 1461 1461 1461 1439 1461 (N/A) (N/A) 1461 1461 1423 1461 (N/A) 1010 (N/A) 822
Pat1 19 Yes 1422 1422 (N/A) 1422 1422 1425 960 1377 1422 815 1362 1389 (N/A) 1425 1422 1404 1422 1422 402 1425 1422
Patj 16 No (N/A) 2718 1554 2718 1203 2718 1725 2718 2718 1173 2718 (N/A) (N/A) (N/A) 2718 2718 1113 (N/A) 222 813 1983
PCNA 16 No 780 (N/A) 761 780 (N/A) 780 645 780 780 780 315 747 (N/A) 435 780 780 117 (N/A) 567 (N/A) 780
pcs 18 Yes 1869 1869 1614 1869 1207 1869 1869 1869 1869 1869 1869 1404 (N/A) (N/A) 1869 1869 (N/A) 486 1839 1442 1847
Pdcd4 21 Yes 1608 1608 1608 1608 1608 1608 1466 1245 1608 1146 948 1146 1305 1608 1608 849 1596 294 954 1398 1317
Pdk1 20 Yes 1998 1998 1998 1998 1998 1998 1959 1986 1998 1854 1998 1633 1027 (N/A) 1998 1998 1143 1131 1998 1998 1998
pelo 18 Yes 1197 1122 1077 1197 1197 1197 1197 1197 1197 1050 1197 1197 (N/A) 774 1197 1188 (N/A) (N/A) 1197 1143 1197
Pex10 16 No 666 912 (N/A) (N/A) 909 912 (N/A) 912 912 912 912 912 (N/A) 912 909 909 732 (N/A) 347 912 912
Pex14 17 No 801 801 801 801 801 801 (N/A) 801 801 801 801 716 (N/A) (N/A) 801 801 801 528 264 (N/A) 801
Pex19 18 Yes 915 915 915 915 813 915 (N/A) 915 714 915 915 915 (N/A) (N/A) 915 915 561 915 915 915 915
Pex2 18 Yes 861 861 (N/A) 861 828 858 861 861 861 744 861 861 (N/A) 849 861 861 (N/A) 423 226 534 708
Pex5 18 Yes 776 1788 (N/A) 1788 1788 1788 1359 1271 1701 1788 1788 1788 (N/A) 1788 1788 351 1788 1209 (N/A) 1788 1704
pgant3 13 No 771 1710 1128 (N/A) 417 1824 1809 1710 729 405 (N/A) (N/A) (N/A) (N/A) 1362 (N/A) (N/A) 318 1215 (N/A) 1827
PGRP‐LB 18 Yes 639 645 (N/A) 645 645 645 339 645 645 645 645 645 (N/A) 519 531 645 636 645 645 438 (N/A)
PhKgamma 21 Yes 1257 885 870 870 867 1257 855 783 870 1257 1257 870 318 864 870 870 870 1257 972 861 765
Phm 17 No 951 951 (N/A) 837 809 951 (N/A) 933 951 951 951 925 (N/A) (N/A) 894 798 951 951 951 951 951
Pi3K92E 17 No 2919 (N/A) 213 3225 711 3225 867 2938 2061 966 1297 (N/A) (N/A) (N/A) 819 1629 2427 324 1005 1203 3225
Pink1 20 Yes 2259 2259 1190 2259 1533 2259 2140 2018 2169 2259 2259 1139 1156 (N/A) 2259 1296 2194 2214 2259 2112 2259
PKD 15 No 1624 1243 (N/A) 2658 690 2658 (N/A) 2559 1725 774 1953 985 (N/A) 603 2658 (N/A) (N/A) 351 585 (N/A) 687
plexA 19 Yes 5700 1650 2427 5700 5700 5700 1007 1236 2670 1593 5169 1407 1431 837 5696 (N/A) 5700 (N/A) 3744 1716 5700
Pli 20 Yes 1272 1272 1272 1272 1272 1272 636 1272 1272 1272 1272 1242 (N/A) 1272 1272 1272 1272 393 1272 960 1272
Plod 20 Yes 2124 2124 1971 2124 1944 2124 1884 2124 2124 1563 2097 1866 (N/A) 2124 2124 2124 1071 162 2076 1554 2124
pnt 14 No 315 540 306 342 342 540 (N/A) 540 540 418 132 324 (N/A) (N/A) 249 540 540 (N/A) (N/A) (N/A) (N/A)
polo 14 No 1731 (N/A) (N/A) (N/A) 1731 1731 1728 1731 1710 768 1731 623 (N/A) (N/A) (N/A) 1731 (N/A) 620 1624 1731 1731
Ppat‐Dpck 15 No (N/A) 1143 (N/A) 1143 (N/A) 1143 (N/A) 1143 1143 1143 942 1143 (N/A) 1122 1143 1044 1143 393 (N/A) 1143 1143
Ppcdc 15 No 543 582 (N/A) 582 474 585 (N/A) 582 582 444 573 444 (N/A) (N/A) 440 582 (N/A) 454 582 (N/A) 555
Ppcs 18 Yes 939 939 832 939 939 939 936 939 939 939 939 (N/A) (N/A) (N/A) 939 939 942 914 939 312 939
Ppox 18 Yes 1434 1389 (N/A) 1437 1434 1440 1059 1437 1437 1437 1425 1437 (N/A) (N/A) 1443 1431 1365 1009 1140 1437 1440
PrBP 17 No 483 483 483 (N/A) 483 483 483 474 483 483 (N/A) 483 (N/A) 474 483 (N/A) 483 483 483 333 483
PRL‐1 20 Yes 516 516 495 516 490 516 492 516 516 516 516 348 (N/A) 516 516 516 357 516 516 516 516
Prosalpha2 21 Yes 702 702 702 702 702 702 690 702 702 702 702 702 480 702 702 702 702 702 702 702 702
Prosbeta1 20 Yes 651 651 651 651 651 672 651 651 651 651 639 546 (N/A) 645 651 497 651 651 651 651 645
Prosbeta2 21 Yes 819 819 822 819 819 822 798 819 819 819 819 819 423 822 819 819 807 819 819 819 819
Prosbeta4 20 Yes 606 606 606 606 606 603 (N/A) 595 606 606 606 516 444 606 606 606 546 421 606 606 606
Prosbeta6 20 Yes 669 669 669 669 669 669 486 669 669 669 669 669 (N/A) 669 669 669 210 669 669 669 669
Prp18 16 No 1026 (N/A) (N/A) 1026 1026 1026 816 1026 1026 1026 867 930 (N/A) 1026 1026 (N/A) (N/A) 693 1005 1011 972
Prp19 14 No 1521 (N/A) 1491 1413 435 1521 1521 1521 1521 1215 915 (N/A) (N/A) (N/A) 1521 726 (N/A) (N/A) 1125 (N/A) 1440
Prp31 16 No 1524 1524 1524 1524 1524 1524 1428 1524 1524 1524 1524 1319 (N/A) 1524 1524 (N/A) (N/A) (N/A) (N/A) 1383 1395
Prx5 20 Yes 546 546 (N/A) 546 546 546 468 546 549 546 339 543 546 546 549 546 546 540 540 546 543
ps 20 Yes 534 1017 1374 1359 (N/A) 1407 1173 1245 1371 1410 1398 927 1397 1359 1371 1410 1383 1359 993 1115 885
psidin 18 Yes 2973 2502 (N/A) 2887 1405 2973 1578 2973 2901 1305 2973 2803 (N/A) (N/A) 2973 2958 2973 789 2291 2944 2973
Pten 15 No 1023 1023 (N/A) 1023 1023 1023 756 1023 1023 (N/A) 1023 (N/A) (N/A) (N/A) 1023 (N/A) 1023 276 1023 1023 1023
Ptp69D 16 No 2187 366 1485 (N/A) 2004 2187 954 2187 (N/A) 1257 1110 (N/A) (N/A) (N/A) 2187 252 2187 1545 2187 702 2187
Ptp99A 17 No 1074 639 1677 1884 525 1908 420 1869 1893 600 1798 (N/A) (N/A) 1908 1899 (N/A) 915 (N/A) 1734 1455 1908
Pu 20 Yes 618 618 453 604 618 618 (N/A) 610 618 609 618 423 269 618 611 611 611 618 618 605 121
put 17 No 663 1500 (N/A) 1500 1411 1500 471 1500 1500 735 780 1500 (N/A) 1500 1500 1500 1500 (N/A) 742 (N/A) 1500
qless 19 Yes 1005 1041 267 1041 843 1041 783 1041 1041 908 1041 (N/A) (N/A) 1041 1041 1041 1041 1041 1041 1041 1041
qsm 15 No 1227 1227 (N/A) 1147 582 1227 (N/A) 1227 1227 1227 1227 1227 (N/A) (N/A) 1227 (N/A) 564 1227 1227 1221 (N/A)
Rab3 15 No (N/A) 660 421 660 660 660 (N/A) 660 660 660 660 174 (N/A) (N/A) 660 (N/A) 660 660 660 234 (N/A)
Rab30 16 No 669 669 651 438 411 672 (N/A) 669 669 669 669 (N/A) (N/A) (N/A) 669 510 660 (N/A) 669 669 669
RabX1 18 Yes 804 804 804 804 699 807 (N/A) 804 801 804 804 804 (N/A) 615 804 804 (N/A) 282 734 804 804
RabX4 15 No 642 642 (N/A) 642 642 642 (N/A) 642 591 396 642 642 (N/A) (N/A) 642 (N/A) 642 501 642 642 (N/A)
Ranbp11 15 No 2409 2802 (N/A) 2955 279 2955 (N/A) 2955 2598 906 2955 (N/A) (N/A) (N/A) 2955 2166 (N/A) 1041 318 1503 1296
Ranbp9 16 No 798 3141 1536 402 (N/A) 3147 1731 3051 3141 2025 2934 3144 (N/A) (N/A) 3141 3141 (N/A) (N/A) 258 2961 3141
Ras64B 21 Yes 576 576 576 531 576 576 576 576 576 375 576 576 198 576 576 576 504 576 576 402 576
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Rassf 12 No 1188 2652 (N/A) 618 771 2721 2721 2622 2064 1791 (N/A) (N/A) (N/A) (N/A) 2721 (N/A) (N/A) (N/A) 474 (N/A) 2721
Rbpn‐5 16 No 1980 1110 (N/A) 1947 1902 1980 (N/A) 1980 1980 1980 1309 1980 (N/A) (N/A) 1980 (N/A) 375 849 1866 1980 1980
rdgBbeta 15 No 879 879 (N/A) 879 879 879 774 879 879 774 811 (N/A) (N/A) 879 879 (N/A) 480 (N/A) 879 (N/A) 879
Ref1 19 Yes 636 636 636 636 636 636 (N/A) 627 627 636 540 624 (N/A) 636 636 636 636 636 636 378 636
REG 19 Yes 795 795 795 795 669 795 (N/A) 795 795 795 795 795 (N/A) 795 795 459 741 637 795 795 795
rho‐4 15 No 1143 (N/A) (N/A) 1140 1143 1143 1017 1140 1143 546 1077 1143 (N/A) (N/A) 1143 858 1026 (N/A) 1143 (N/A) 1005
RhoBTB 18 Yes 2106 2082 (N/A) 1975 2106 2106 1273 2076 1227 1131 2106 1213 231 2077 2076 (N/A) 2076 (N/A) 2064 1866 2106
RhoGAP1A 19 Yes 2602 2639 636 2583 2664 2664 (N/A) 2238 2667 1041 2664 2292 605 (N/A) 2584 2584 2664 684 2316 2664 2664
RhoGAP68F 20 Yes 1437 1437 1412 1437 1191 1437 1437 1437 1411 1419 1410 1437 (N/A) 1437 1116 1314 1422 1062 1437 1272 1437
RhoGAP92B 15 Yes 695 1449 (N/A) (N/A) 737 1449 (N/A) 1449 1440 (N/A) 1440 954 387 1446 1449 (N/A) 1449 (N/A) 939 165 1337
RIOK2 14 No 1431 (N/A) (N/A) 1299 1371 1761 1393 1710 (N/A) 1116 1108 1416 (N/A) 1554 1761 1380 (N/A) (N/A) 1761 (N/A) 1761
RluA‐1 18 Yes 1668 939 954 1590 1668 1668 1668 1563 1647 1668 1632 1659 (N/A) 1668 1566 1602 (N/A) (N/A) 1668 1668 1464
RN‐tre 17 No 1284 1284 615 1284 1242 1284 1039 1284 1284 435 1218 1254 (N/A) (N/A) 1284 1284 (N/A) (N/A) 1257 1278 1116
RnrS 20 Yes 1227 1164 1227 1227 351 1227 714 1227 1227 1227 1227 813 (N/A) 1041 1227 1227 1227 324 1227 1227 1227
rols 10 Yes (N/A) 594 (N/A) (N/A) (N/A) 3297 (N/A) 3114 891 1353 1329 807 177 492 3297 (N/A) (N/A) (N/A) (N/A) (N/A) (N/A)
row 12 No 1017 (N/A) 1062 (N/A) (N/A) 1062 1062 1062 1062 (N/A) 1062 912 (N/A) (N/A) 1062 (N/A) (N/A) (N/A) 687 927 1020
Rpb11 18 Yes 354 354 354 354 354 354 (N/A) 354 354 354 354 354 (N/A) 354 354 354 (N/A) 213 354 354 354
RpII15 18 Yes 396 396 (N/A) 396 357 396 396 396 396 321 (N/A) 396 (N/A) 396 396 396 396 396 396 327 396
RpL11 20 Yes 540 540 540 540 540 540 (N/A) 540 540 540 540 540 509 540 540 540 540 540 540 540 540
RpL13 20 Yes 651 654 654 654 654 654 (N/A) 654 654 318 654 654 654 651 654 654 651 654 654 654 651
RpL13A 20 Yes 595 518 615 615 595 615 (N/A) 615 541 615 615 613 615 615 615 615 615 615 615 610 613
RpL18A 19 Yes 531 516 (N/A) 531 531 531 (N/A) 419 531 531 531 531 527 531 531 531 475 531 531 531 526
RpL21 19 Yes 477 477 (N/A) 477 432 477 (N/A) 477 477 303 477 477 477 477 477 477 477 477 477 477 477
RpL28 21 Yes 432 432 420 432 327 432 384 432 429 432 432 408 402 243 432 288 381 432 288 432 432
RpL32 20 Yes 402 402 402 402 402 402 (N/A) 402 402 402 402 402 402 402 402 402 397 402 402 402 402
RpL35A 19 Yes 498 498 498 498 396 498 (N/A) 498 498 498 498 498 (N/A) 498 498 498 498 498 498 498 498
RpL7‐like 17 No 726 771 (N/A) 771 771 771 (N/A) 771 771 771 771 765 (N/A) 447 771 747 (N/A) 753 771 771 720
Rpn11 20 Yes 924 924 924 924 924 924 767 924 924 924 916 873 (N/A) 924 924 924 916 924 924 924 924
Rpn12 20 Yes 792 792 (N/A) 792 696 792 792 594 792 792 792 792 216 792 792 792 243 165 783 792 792
Rpn7 20 Yes 1167 1167 1168 1167 1167 1167 1167 1167 1167 1167 1167 1167 (N/A) 1167 1167 1167 1167 1049 1167 1167 1167
Rpn9 21 Yes 1146 1146 805 1146 1146 1146 1146 1146 1146 1146 1083 1146 253 1146 1146 698 786 1138 1146 1146 1146
RpS15 19 Yes 444 444 444 444 444 444 (N/A) 426 444 (N/A) 444 376 444 444 444 432 444 444 444 444 444
RpS20 18 Yes 360 360 360 348 360 360 (N/A) 360 345 360 360 360 (N/A) 360 360 360 (N/A) 360 360 360 360
RpS26 20 Yes 345 345 345 345 345 345 (N/A) 345 345 345 342 345 312 345 345 345 345 345 345 345 345
RpS6 21 Yes 651 651 651 651 651 651 651 651 651 651 651 651 651 651 651 651 651 651 651 651 651
rtet 18 Yes 1284 1305 (N/A) 1211 1123 1305 1305 1192 1305 1062 1305 1296 (N/A) (N/A) 1305 918 117 642 768 921 1245
rtp 19 Yes 441 441 441 441 228 441 (N/A) 441 367 441 441 428 (N/A) 327 441 441 441 441 441 441 368
san 18 Yes 483 477 483 480 483 483 471 483 483 339 483 483 (N/A) (N/A) 483 483 (N/A) 483 483 483 483
sano 8 No (N/A) (N/A) (N/A) 684 (N/A) 1263 261 1266 (N/A) 1266 339 (N/A) (N/A) (N/A) 1266 (N/A) (N/A) (N/A) (N/A) 1014 (N/A)
Sap30 17 No 537 204 (N/A) 537 537 537 537 537 504 537 (N/A) 537 (N/A) 537 537 537 537 (N/A) 537 531 537
SCAR 21 Yes 2118 2118 1146 1932 2118 2118 2118 2118 2118 2118 2118 2118 914 1290 2118 2118 2118 2118 2118 2066 2118
scb 14 No 964 717 (N/A) 1745 498 2571 (N/A) 2102 2574 1359 (N/A) 2574 (N/A) (N/A) 2280 (N/A) 546 132 618 (N/A) 1532
Scox 19 Yes 798 798 798 639 684 798 798 798 798 798 486 798 (N/A) 798 798 798 (N/A) 798 798 666 798
scu 21 Yes 765 765 644 765 306 765 317 663 765 765 765 765 572 765 765 765 765 727 628 522 765
Sdc 19 Yes 309 306 306 309 309 309 309 309 306 (N/A) 306 309 (N/A) 309 309 309 309 309 291 309 309
SdhC 19 Yes 519 519 (N/A) 519 519 519 (N/A) 519 519 519 519 519 519 519 519 519 519 478 519 519 519
Sec13 20 Yes 921 921 717 921 617 921 921 815 921 921 921 888 (N/A) 921 921 777 888 921 740 921 921
SelD 18 Yes 591 1106 1209 1209 (N/A) 1209 1194 1106 1209 648 1097 1209 (N/A) 1209 1209 589 554 555 (N/A) 1194 1209
Sema‐1b 13 Yes 1305 603 (N/A) 1668 (N/A) 2430 (N/A) 2430 564 (N/A) 1579 (N/A) 468 1857 2430 (N/A) 474 (N/A) (N/A) 213 2430
Sfmbt 15 No 250 444 318 (N/A) 396 2319 342 1731 432 963 (N/A) (N/A) (N/A) (N/A) 1410 (N/A) 1365 213 354 929 2319
Sgt 20 Yes 1119 1119 780 1119 1122 1116 1116 1119 696 1119 1122 1119 (N/A) 1119 1122 964 1002 1077 888 861 498
SH3PX1 18 Yes 714 1782 (N/A) 1782 435 1782 1761 1782 1782 1782 1782 1782 (N/A) 1653 1782 1725 1782 (N/A) 1449 1782 1782
sick 17 Yes 792 2154 (N/A) 2154 456 2154 (N/A) 2154 2154 933 2154 (N/A) 786 (N/A) 2154 849 1158 416 1071 174 735
sip3 21 Yes 1041 1041 1040 1041 1021 1041 1041 1041 1041 1041 1041 1041 188 1041 1041 1041 1041 1041 893 1041 1041
Skeletor 11 No 446 (N/A) (N/A) 765 115 807 379 765 (N/A) 781 781 (N/A) (N/A) 765 765 (N/A) (N/A) (N/A) (N/A) (N/A) 716
Slh 20 Yes 1078 1920 555 1920 525 1923 1920 1920 1731 1599 1887 1653 (N/A) 1920 1920 1920 372 1920 1920 1920 1920
slim 18 Yes 1168 1257 (N/A) 1218 1257 1257 (N/A) 1081 1225 1257 1257 1254 (N/A) 1257 1251 1257 777 1254 1254 1254 1254
SmB 19 Yes 603 603 603 603 603 603 603 603 603 504 603 603 (N/A) 603 603 603 (N/A) 603 603 603 603
SMC1 14 No 546 783 1890 3453 (N/A) 3660 942 3451 2544 1605 2155 351 (N/A) (N/A) 3660 (N/A) (N/A) (N/A) (N/A) 471 3660
SmD3 19 Yes 318 318 318 318 254 318 318 308 (N/A) 318 318 (N/A) 183 318 318 318 318 113 318 318 318
Smu1 14 No 1527 (N/A) (N/A) (N/A) 963 1527 1302 1527 1527 1527 1524 (N/A) (N/A) 1527 1527 1527 795 (N/A) (N/A) 1527 1527
snf 19 Yes 648 648 620 648 627 648 648 605 648 648 648 648 (N/A) 648 648 648 (N/A) 648 648 623 648
Snx1 20 Yes 1182 1182 1182 1182 858 1182 1182 1182 1185 1185 1182 1182 (N/A) 1182 1182 1087 1182 920 1182 1036 1182
Snx3 19 Yes 507 507 507 507 507 507 (N/A) 507 507 507 507 507 (N/A) 507 507 333 507 507 147 492 507
Snx6 20 Yes 1164 1164 912 933 1164 1164 945 852 930 909 750 1164 (N/A) 930 933 993 441 1041 1161 288 1164
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sowah 13 No 1542 1518 1476 1521 600 1542 (N/A) 1527 (N/A) (N/A) 1518 (N/A) (N/A) (N/A) 1536 1542 1521 (N/A) 495 (N/A) 1257
SP2637 21 Yes 930 930 930 909 930 930 930 690 909 930 930 906 593 909 909 909 897 930 930 930 903
spas 15 No 171 903 (N/A) 480 873 1176 (N/A) 1110 1161 1032 165 243 (N/A) (N/A) 1149 (N/A) 537 139 141 (N/A) 1176
Spat 21 Yes 1188 1188 1188 1188 1104 1188 1188 981 1188 1188 963 1188 443 1188 1029 1188 1071 1179 1159 1188 1092
Sply 20 Yes 1638 1638 1122 1638 1449 1638 1641 1443 1638 1638 1620 1510 (N/A) 1638 1638 1638 1339 1391 1638 1395 1638
Spn27A 17 No 1182 1185 (N/A) 1185 1185 1179 (N/A) 858 1185 1092 836 1185 (N/A) (N/A) 1185 946 782 1107 1158 1185 1005
sprt 12 No 1039 1038 (N/A) (N/A) 405 2034 (N/A) 1962 2037 1230 1698 558 (N/A) (N/A) 2037 (N/A) (N/A) (N/A) 153 915 (N/A)
Spt‐I 19 Yes 1404 1404 (N/A) 1404 889 1404 1341 1404 1404 1011 1287 1404 (N/A) 1404 1404 1284 1404 1125 1404 363 1404
Srp19 18 Yes 441 441 (N/A) 441 441 441 441 441 441 441 432 438 (N/A) 441 441 441 (N/A) 441 375 441 441
ssp2 17 Yes 828 891 (N/A) 891 891 891 (N/A) 891 891 (N/A) 891 891 363 891 891 723 423 (N/A) 891 570 891
Stam 18 Yes 1368 1368 (N/A) 1368 1253 1368 (N/A) 1368 1368 1368 1368 1368 (N/A) 1279 1368 708 336 1230 1368 1368 1206
Start1 17 No 1788 1794 (N/A) 1794 1772 1797 1446 1794 1794 1254 1710 1794 (N/A) 1794 1794 1668 1794 (N/A) 1583 (N/A) 1794
Stim 20 Yes 1170 1287 981 1290 1131 1290 1287 1047 1287 1287 1287 1281 1185 1290 1287 1188 1290 (N/A) 1275 1210 1290
Su(P) 19 Yes 1092 1066 504 1092 1092 1077 (N/A) 1092 1092 1092 1095 1092 (N/A) 1095 1092 1055 522 1092 1092 1092 1061
Su(var)2‐10 20 Yes 831 1182 732 1131 486 1182 1182 1062 1113 1131 1106 774 378 (N/A) 1116 1131 1182 1182 970 1182 1182
Sucb 18 Yes 1194 1194 1125 1194 921 1194 1194 1116 1194 1116 1157 1194 (N/A) 824 1194 659 (N/A) 1194 1194 (N/A) 1194
Sulf1 11 No (N/A) 822 (N/A) 2253 582 2505 591 2505 1749 1207 (N/A) (N/A) (N/A) (N/A) 2505 (N/A) (N/A) (N/A) 162 (N/A) 1628
sunz 16 No 678 681 (N/A) 678 678 669 (N/A) 678 678 678 678 618 (N/A) 678 675 474 (N/A) 498 678 678 (N/A)
Sur‐8 16 No 1593 1593 (N/A) 1593 (N/A) 1593 1593 1593 1593 501 1593 (N/A) (N/A) (N/A) 1593 720 1593 183 1593 1593 1593
Swip‐1 20 Yes 654 654 (N/A) 654 408 654 405 585 654 122 639 654 576 654 654 654 579 623 654 654 654
swm 19 Yes (N/A) 1983 1200 1983 477 1983 1983 1422 1983 1737 1161 (N/A) 351 1983 1983 1983 1185 579 351 1983 1964
Sxl 19 Yes 551 552 550 552 (N/A) 552 552 552 552 552 552 552 (N/A) 552 552 549 552 552 501 552 552
Syngr 16 No 729 729 279 729 615 729 291 729 729 207 729 (N/A) (N/A) (N/A) 729 (N/A) 729 415 729 729 (N/A)
Syx6 19 Yes 462 462 462 462 290 462 306 462 462 462 462 441 (N/A) (N/A) 462 368 462 432 462 318 304
Syx7 19 Yes 867 867 867 867 732 867 867 867 864 864 867 867 (N/A) (N/A) 864 867 399 858 858 867 867
Tace 14 No 1104 1020 (N/A) 1104 330 1107 303 1017 1104 1104 909 (N/A) (N/A) (N/A) 1104 429 816 (N/A) 714 (N/A) (N/A)
Taf13 19 Yes 393 414 414 413 414 414 414 408 414 405 414 120 (N/A) 414 414 414 (N/A) 330 393 414 414
Tango1 20 Yes 1359 1440 381 1440 1440 1440 1200 1392 1440 1191 1440 1350 (N/A) 1440 1440 1029 1440 669 1285 1440 1440
Tango10 17 No 1446 1431 1404 1446 1248 1443 474 1446 (N/A) 1044 1446 1446 (N/A) 1446 1446 (N/A) (N/A) 870 1446 1446 1446
Tango5 20 Yes 1200 1200 531 1200 1200 1200 1200 965 1200 1148 1200 1200 (N/A) 1200 1200 886 1200 1092 1200 1200 1200
Taz 20 Yes 789 789 759 789 606 789 786 789 789 789 789 789 (N/A) 789 789 789 789 789 789 789 696
Tbc1d15‐17 20 Yes 1173 1173 1173 1173 1173 1173 1173 1173 1173 1173 1173 1173 (N/A) 990 1173 1170 342 1092 1173 1173 1173
Tcp‐1eta 20 Yes 1638 1638 1638 1547 1638 1638 1638 1638 1638 1077 1638 1638 (N/A) 1638 1638 1638 1632 1632 1584 1638 1638
Tctp 20 Yes 516 516 516 516 516 516 (N/A) 516 516 516 516 516 516 516 516 516 516 513 516 516 516
Tdc1 15 No 999 414 (N/A) 1773 (N/A) 1773 1761 1773 1275 1773 900 1773 (N/A) (N/A) 1332 1773 (N/A) (N/A) 990 1773 1773
TFAM 18 Yes 660 660 (N/A) 554 660 660 (N/A) 628 660 660 633 582 (N/A) 660 660 660 660 660 660 588 660
TfIIA‐S 19 Yes 321 321 321 321 321 318 324 321 321 255 321 321 (N/A) (N/A) 321 269 302 321 321 321 135
TfIIFalpha 19 Yes 1773 1773 1773 1767 1773 1767 1773 1044 1773 1773 1773 354 (N/A) (N/A) 1773 1773 1773 683 1571 939 1773
TfIIFbeta 18 Yes 888 888 888 888 876 888 888 888 888 750 888 888 (N/A) (N/A) 885 (N/A) 828 888 888 888 813
TfIIS 20 Yes 1095 1095 1095 1095 1017 1095 983 1095 1095 1095 1095 1095 (N/A) 1095 1095 1095 1095 561 700 1044 1095
tgo 11 No 573 (N/A) 1170 876 (N/A) 1170 942 1170 927 405 (N/A) (N/A) (N/A) (N/A) 1170 (N/A) (N/A) (N/A) 372 (N/A) 1170
tho2 12 No 1169 174 (N/A) 3639 (N/A) 3639 888 3639 2154 (N/A) 1002 (N/A) (N/A) (N/A) 1995 1476 (N/A) (N/A) 1332 (N/A) 3588
Tie 13 No (N/A) 1002 (N/A) 1422 144 1422 606 1422 1422 1026 (N/A) (N/A) (N/A) 1422 1422 (N/A) (N/A) (N/A) 360 1392 195
tko 19 Yes 414 414 414 411 273 417 279 381 414 414 414 414 (N/A) 414 414 (N/A) 345 414 414 363 414
tmod 21 Yes 1041 1026 1056 1044 1038 1104 918 939 1044 1086 1044 1020 1053 1047 1047 1059 996 1044 1044 1089 1104
Tor 14 No (N/A) 771 921 (N/A) 606 2346 1608 2301 810 957 398 342 (N/A) (N/A) 2346 885 (N/A) (N/A) (N/A) 342 1587
tral 16 Yes 339 234 339 (N/A) 339 339 339 339 339 (N/A) 339 288 258 339 339 (N/A) (N/A) (N/A) 339 339 339
Treh 20 Yes 1575 1575 (N/A) 1575 1369 1575 1563 1566 1494 1575 1563 1545 915 1566 1566 1260 1575 1566 1575 1560 1440
Trs23 19 Yes 513 623 657 657 652 657 657 660 657 657 627 657 (N/A) 657 657 657 (N/A) 653 657 343 657
trsn 16 No 663 588 (N/A) 663 387 663 657 663 663 663 (N/A) 663 (N/A) (N/A) 663 636 (N/A) 258 372 228 663
trus 13 No 750 1653 (N/A) (N/A) 1591 1653 (N/A) 1653 1653 921 252 1611 (N/A) (N/A) 1653 (N/A) 1653 (N/A) 337 (N/A) 966
Tsc1 17 No 933 1020 (N/A) 1020 1017 1020 1020 905 1020 1020 1020 1020 (N/A) (N/A) 1020 660 915 215 (N/A) 1020 1020
Tsf2 19 Yes 1299 1299 1173 1299 744 1299 1260 1299 1299 1155 1299 1299 (N/A) 1299 1299 585 1131 (N/A) 1215 1299 1299
Tsp42Ei 15 No 687 687 (N/A) 288 600 687 (N/A) 687 687 673 535 210 (N/A) (N/A) 687 687 (N/A) 687 687 (N/A) 306
Tsp66E 16 No 816 816 (N/A) 816 (N/A) 816 (N/A) 816 816 816 405 816 (N/A) 816 816 816 750 (N/A) 809 816 816
Tsp74F 21 Yes 708 708 607 708 693 708 708 313 708 707 678 708 541 708 708 708 621 647 708 642 707
Tsp96F 18 Yes 804 771 804 804 804 804 804 804 804 804 804 480 (N/A) (N/A) 804 804 753 (N/A) 804 654 573
tst 17 No 3003 2007 1278 3003 1824 3003 708 3003 2658 1869 1938 1380 (N/A) (N/A) 3003 690 (N/A) (N/A) 1193 408 3003
tsu 20 Yes 501 501 393 501 288 498 501 501 501 501 444 444 (N/A) 501 501 501 501 501 501 453 504
U2A 19 Yes 870 693 870 870 870 870 801 870 870 738 870 870 (N/A) (N/A) 870 870 678 732 870 870 870
U2af38 19 Yes 543 615 615 615 591 615 592 615 615 615 543 (N/A) 147 560 615 615 (N/A) 615 368 615 597
Uba3 16 No 1152 1221 1317 1317 339 1317 1260 1302 1077 957 1302 (N/A) (N/A) (N/A) 1290 1044 (N/A) 729 1263 (N/A) 867
Ubc12 20 Yes 552 552 552 552 552 552 552 552 552 552 552 552 (N/A) 552 552 552 552 552 552 552 552
UbcD2 20 Yes 495 495 495 495 495 495 495 492 495 495 495 495 246 495 495 495 (N/A) 495 495 495 495
UbcD4 20 Yes 597 597 597 597 597 597 597 585 597 597 577 597 (N/A) 597 597 597 597 597 597 597 597
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Gene Density 603 subset Allo ind Arch eca Call vom Deca aen Dicr dis Dros mel Limn ung Mero sex Mero alb Mero fas Micr mit Nemo nit Orta alb Oryg luc Para sim Pero dik Salt sph Seps cyn Seps neo Them sup Toxo sp.
Ubpy 19 Yes 1029 1011 (N/A) 1029 1017 1029 1029 1026 1029 1029 1029 462 (N/A) 1029 1029 1029 1029 201 1029 849 1029
Uch‐L5 18 Yes 987 981 (N/A) 981 987 984 (N/A) 978 987 987 968 983 (N/A) 975 900 987 582 987 987 981 984
Ucp4A 16 No 984 (N/A) 984 984 984 984 (N/A) 984 984 971 984 522 (N/A) 984 984 984 906 (N/A) 937 (N/A) 303
Ude 18 Yes 834 681 834 834 261 834 834 834 834 834 834 832 (N/A) (N/A) 834 (N/A) 834 834 738 834 366
Uev1A 20 Yes 426 426 435 426 426 435 435 426 426 275 426 393 (N/A) 426 426 426 426 426 426 228 426
unc‐45 19 Yes 1798 1143 1491 2519 2158 2805 2808 2808 2808 1854 2808 2802 (N/A) 1921 2811 2808 1896 (N/A) 1774 2325 2808
Upf1 15 No 963 402 (N/A) 2835 2375 2835 711 2731 2835 (N/A) 2835 (N/A) (N/A) 2835 2835 189 (N/A) (N/A) 360 2304 2835
Upf2 14 No 3243 (N/A) (N/A) 3243 1422 3243 (N/A) 1263 3243 1641 912 3177 (N/A) (N/A) 2919 (N/A) (N/A) 296 2793 1755 993
usp 17 No 225 1305 1299 1299 (N/A) 1308 1305 1305 1305 (N/A) 1305 805 (N/A) 1305 1305 795 1305 (N/A) 219 114 1305
uzip 13 No 1272 (N/A) (N/A) 1272 690 1272 (N/A) 1272 1272 1272 969 1272 (N/A) (N/A) 1272 1272 (N/A) 984 1272 (N/A) (N/A)
Vdup1 16 No 819 1032 852 1032 (N/A) 1032 507 1032 885 1011 1032 (N/A) (N/A) 1032 1032 (N/A) 825 945 357 735 (N/A)
Vha44 20 Yes 1164 1164 1164 1164 1164 1164 1164 1164 1164 1164 1164 1164 851 (N/A) 1164 1164 1164 1164 1164 1065 1164
VhaAC45 19 Yes 1215 1215 (N/A) 1215 1215 1215 (N/A) 1179 1215 1011 1215 1188 249 1215 1215 1215 1182 933 1215 852 1215
vih 19 Yes 537 537 537 537 537 537 537 537 537 537 537 537 (N/A) 537 537 537 (N/A) 537 537 537 537
vnc 20 Yes 660 660 660 660 660 660 660 660 660 660 660 660 (N/A) 660 660 582 660 660 660 660 660
Vps29 20 Yes 546 546 546 546 546 546 546 546 546 546 546 546 (N/A) 546 546 546 327 546 546 546 477
Vps35 19 Yes 2190 1988 957 1956 213 2433 1119 2346 2433 1379 2409 2379 (N/A) 2433 2433 2109 (N/A) 777 2341 2433 2433
Vps36 19 Yes 1221 1221 (N/A) 1221 303 1221 1221 1111 1221 1221 1221 1221 (N/A) 1215 1116 588 749 618 414 1131 1221
vri 14 Yes (N/A) 312 311 312 312 312 312 312 312 (N/A) 312 106 312 (N/A) 312 312 219 (N/A) (N/A) (N/A) (N/A)
Wdr82 16 No 951 951 951 957 390 951 510 951 951 615 951 (N/A) (N/A) (N/A) 951 921 (N/A) (N/A) 951 939 951
wds 20 Yes 1089 1089 1089 1089 1089 1089 1089 1089 1089 1089 1089 1089 (N/A) 1089 1089 1089 1068 660 1089 1089 1089
Wee1 14 No (N/A) 1902 654 (N/A) 1644 1929 1935 1902 1935 1359 1905 495 (N/A) (N/A) 1935 1813 (N/A) (N/A) (N/A) 1935 921
Wnk 12 No 1920 1920 1620 1440 1920 1920 (N/A) 1920 1920 (N/A) 1920 (N/A) (N/A) (N/A) 1920 (N/A) 1920 (N/A) (N/A) (N/A) 1920
wol 18 Yes 981 981 (N/A) 981 687 981 435 981 981 981 981 981 (N/A) (N/A) 981 936 930 946 865 954 921
wtrw 17 Yes 1578 1920 885 2850 2043 2847 1104 2728 1023 1120 (N/A) 2541 426 (N/A) 2841 (N/A) 2652 (N/A) 1719 1517 2669
Xbp1 19 Yes 858 858 801 858 858 867 (N/A) 378 375 375 858 858 (N/A) 378 858 540 858 858 843 185 858
Xe7 16 No 951 1320 (N/A) 1320 651 1320 (N/A) 918 921 417 757 603 (N/A) (N/A) 918 1320 1269 (N/A) 777 1320 1311
yellow‐b 16 No 1362 1365 (N/A) 1092 597 1365 351 1271 1083 1143 1356 1365 (N/A) (N/A) 1365 1041 (N/A) 186 1365 (N/A) 627
yip2 21 Yes 1194 1194 1194 1194 1194 1194 1194 1095 1194 1194 1085 1194 973 1194 1194 1194 1194 1194 1194 1194 1194
Ykt6 19 Yes 597 597 597 597 597 597 594 597 597 597 591 (N/A) (N/A) 597 597 597 597 489 597 597 597
yrt 15 No 1276 1946 (N/A) (N/A) 522 2070 (N/A) 1906 2070 1110 1161 2070 (N/A) (N/A) 2070 1750 558 (N/A) 491 2067 2070
Zasp67 11 No 840 (N/A) (N/A) 1593 (N/A) 1593 (N/A) 855 (N/A) 855 1593 (N/A) (N/A) 1593 852 1502 (N/A) 813 (N/A) 1587 (N/A)
Zip102B 18 Yes 699 699 699 699 699 699 699 699 699 699 699 699 (N/A) 462 699 699 699 (N/A) (N/A) 459 699
Zip48C 16 No 1071 1071 (N/A) 985 1059 1071 (N/A) 807 1071 1071 1071 1071 (N/A) 873 1071 1071 (N/A) 840 694 1068 (N/A)
Zip89B 15 No 432 441 (N/A) 441 (N/A) 441 (N/A) 441 441 441 441 441 (N/A) (N/A) 441 441 441 134 276 (N/A) 441
Zip99C 21 Yes 1077 1077 540 953 213 1077 1077 822 1077 1077 1077 1077 507 1077 1077 1077 1017 1077 1077 1077 1077
ZnT35C 19 Yes 1386 1362 (N/A) 1192 1320 1386 495 1365 1386 1367 1356 1386 (N/A) 1362 1386 1386 1386 1335 1370 1341 1383
ZnT41F 16 No 1296 1296 (N/A) 1296 456 1296 285 1296 858 1200 1146 498 (N/A) (N/A) 1296 849 1296 (N/A) 744 (N/A) 474
ZnT49B 19 Yes 1371 1371 1371 1371 1371 1371 (N/A) 1371 1371 828 1371 930 (N/A) 1062 1371 1253 1371 1032 1371 1371 1359
ZnT63C 21 Yes 339 1377 1122 1398 1350 1401 717 1152 1398 495 1392 1398 156 1398 1395 1398 1395 705 1365 1383 1398
ZnT86D 20 Yes 1164 1164 639 1164 1164 1164 1110 1164 1164 1164 1164 1164 (N/A) 1164 1164 1164 1113 1020 936 1164 1164
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Allosepsis indica 962 24 3 959 94.30 1,010,493
Archisepsis ecalcarata 964 45 0 964 94.79 1,041,266
Calliphora vomitoria 596 30 N.A. 596 58.60 523,483
Decachaetophora aeneipes 946 9 2 944 92.82 1,080,063
Dicranosepsis distincta 908 41 0 908 89.28 859,876
Drosophila melanogaster 1017 0 N.A. 1017 100.00 1,267,074
Limnia unguicornis 659 19 N.A. 659 64.80 650,091
Meropliosepsis sexsetosa 1017 5 0 1017 100.00 1,179,064
Meroplius albuquerquei 983 8 2 981 96.46 1,118,930
Meroplius fasciculata 972 47 0 972 95.58 922,236
Microsepsis mitis 947 60 1 946 93.02 1,012,312
Nemopoda nitidula 828 48 0 828 81.42 803,804
Ortalischema albitarse 237 13 6 231 22.71 122,405
Orygma luctuosum 767 8 117 650 63.91 681,178
Paratoxopoda similis 972 10 1 971 95.48 1,149,586
Perochaeta dikowi 849 5 2 847 83.28 851,069
Saltella sphondylii 764 38 30 734 72.17 718,303
Sepsis cynipsea 766 34 0 766 75.32 594,557
Sepsis neocynipsea 929 35 1 928 91.25 891,998
Themira superba 872 27 1 871 85.64 831,170
Toxopoda sp. 919 27 2 917 90.17 1,027,204
AVG 851.14 25.38 9.33 843.14 82.90 873,151
% 83.69 2.50 0.92 82.90 N.A. N.A.
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Gene Mero sex Orta alb Micr mit Seps cyn Arch eca Mero fas Pero dik Seps neo Dicr dis Deca aen Them sup Nemo nit Mero alb Para sim Allo ind Salt sph Toxo sp. Oryg luc MAX 2nd MAX %
Aats‐leu ON TOP No data 0.1805 0.0164 0.1471 0.0546 No data No data No data 0.2288 No data No data 0.1224 No data 0.1857 No data 0.0415 No data 0.2288 0.1857 1.232095
alc ON TOP 0.1219 0.1202 0.1546 0.1237 0.1168 0.1443 0.1546 0.1563 0.1494 0.1632 0.1494 0.1254 0.1563 0.1408 0.1666 0.1597 0.2061 0.2061 0.1666 1.237095
Ance‐5 ON TOP 0.0938 No data 0.0447 0.0485 0.1014 0.1663 0.037 No data No data 0.0687 0.0332 0.1658 No data 0.12 0.2111 0.174 0.2553 0.2553 0.2111 1.209379
AP‐1sigma ON TOP No data 0.0696 0.097 0.0738 0.0801 0.0907 0.097 No data 0.1097 0.1012 0.097 0.0843 0.1054 0.0759 0.1097 0.0886 0.1434 0.1434 0.1097 1.307201
app ON TOP 0.0441 0.0686 No data 0.0392 0.0421 No data 0.1029 0.0666 No data 0.097 No data No data 0.0843 No data 0.2097 0.095 No data 0.2097 0.1029 2.037901
ASPP ON TOP No data No data No data No data 0.1061 No data 0.0553 0.0358 0.124 No data No data 0.0971 0.1061 0.115 0.1569 0.0941 No data 0.1569 0.124 1.265323
Atg14 ON TOP No data 0.1677 No data 0.1464 0.1648 0.1648 0.1685 No data 0.181 No data 0.1986 0.1501 0.1736 0.1839 No data 0.2089 0.2693 0.2693 0.2089 1.289134
Atg9 ON TOP 0.0577 0.1257 0.0476 0.1172 0.1265 0.1351 0.1436 0.0879 0.1371 0.1343 0.1603 0.14 0.1452 0.1477 0.1664 0.1505 0.2018 0.2018 0.1664 1.21274
Axn ON TOP No data 0.0705 0.0604 0.0638 0.0445 No data 0.0696 0.026 0.0411 0.0973 No data 0.0873 0.0831 0.0528 0.1284 0.1057 0.1696 0.1696 0.1284 1.320872
Baldspot ON TOP No data 0.1052 0.0643 0.1216 0.0935 0.0865 0.1157 0.1181 No data 0.0748 0.1076 No data 0.1064 0.1181 0.1637 No data 0.1286 0.1637 0.1286 1.272939
CAH1 ON TOP No data 0.1654 0.2055 0.1776 0.1751 0.163 0.2055 0.1897 0.1751 0.2323 0.2007 0.1666 0.1934 0.2043 0.236 0.2153 0.2883 0.2883 0.236 1.22161
CG10217 ON TOP No data No data 0.0033 0.1227 0.0934 0.1376 0.1381 0.1503 0.1155 0.1088 0.1481 0.1724 0.1647 0.1603 0.1547 0.1619 0.2106 0.2106 0.1724 1.221578
CG10289 ON TOP No data 0.1206 No data 0.0935 No data 0.0533 0.1353 0.1361 0.1245 No data 0.0688 No data 0.1322 0.1446 0.1709 0.1593 0.2536 0.2536 0.1709 1.483909
CG10343 ON TOP No data 0.1551 0.1996 0.1382 0.1781 0.215 0.2181 0.1812 0.2027 0.2273 0.1935 0.2012 0.2027 0.1981 No data 0.2073 0.2995 0.2995 0.2273 1.317642
CG10754 ON TOP No data 0.1311 0.1373 0.128 0.1481 0.1388 0.1157 0.1404 0.1666 0.1481 0.1157 0.1589 0.1435 0.1543 0.3009 0.1682 0.162 0.3009 0.1682 1.788942
CG10830 ON TOP No data 0.128 No data 0.1091 No data No data 0.0698 No data 0.1339 0.0858 No data 0.1033 0.0975 No data 0.1804 No data No data 0.1804 0.1339 1.347274
CG10841 ON TOP No data 0.1712 0.2095 0.1757 0.1926 0.1511 0.2091 0.2305 0.2187 0.2031 0.215 0.2114 0.2068 0.2214 No data No data 0.3105 0.3105 0.2305 1.347072
CG11412 ON TOP No data 0.1017 0.1536 0.106 0.1255 0.0281 0.1645 0.1341 0.1277 0.1428 0.1536 0.1428 0.1341 0.1601 0.1428 0.1471 0.2012 0.2012 0.1645 1.2231
CG11537 ON TOP No data 0.1185 0.1456 0.1415 0.0453 No data 0.0873 0.1476 No data No data 0.0934 0.1422 0.1537 0.109 0.1571 0.1673 0.2127 0.2127 0.1673 1.271369
CG11550 ON TOP No data 0.0568 0.1928 0.1583 0.1984 0.1872 0.1962 0.0657 0.1438 0.2162 No data 0.2095 0.204 0.2318 0.1917 0.2263 0.2876 0.2876 0.2318 1.240725
CG11699 ON TOP No data 0.1564 0.1723 0.1473 0.1337 0.1496 0.2131 0.0657 0.1428 0.1405 0.1882 0.1405 0.1564 0.1814 0.1315 0.1111 0.2811 0.2811 0.2131 1.319099
CG11790 ON TOP No data 0.2158 0.2192 0.2011 0.2135 0.2271 0.2203 0.218 0.1378 0.2836 No data 0.2248 0.2237 0.2259 No data 0.2734 0.3412 0.3412 0.2836 1.203103
CG12263 ON TOP No data 0.1483 0.0231 0.1348 0.0598 0.2326 0.0231 No data 0.1467 No data 0.0608 0.128 0.1618 0.0585 No data 0.1833 No data 0.2326 0.1833 1.268958
CG13188 ON TOP No data 0.0759 No data No data 0.0569 No data 0.0818 No data 0.1043 0.013 No data No data 0.1043 0.1032 No data No data 0.1281 0.1281 0.1043 1.228188
CG1358 ON TOP No data 0.1027 0.0319 0.1217 0.1324 No data 0.159 0.1042 0.1552 No data No data 0.1514 0.1834 0.1567 0.1194 0.1788 0.2519 0.2519 0.1834 1.373501
CG14141 ON TOP No data 0.0855 0.0878 0.0923 0.081 0.0945 0.09 0.1261 0.0878 0.1261 0.1283 0.0788 0.081 0.1283 0.1711 0.0292 No data 0.1711 0.1283 1.333593
CG14407 ON TOP No data 0.1646 0.1646 0.1746 0.2028 0.2148 0.2028 0.2248 0.2048 0.1847 0.2389 0.2329 0.2248 0.2449 0.2329 0.2148 0.3393 0.3393 0.2449 1.385463
CG14591 ON TOP No data 0.1267 0.1529 0.0967 0.0522 0.128 0.1477 0.1437 0.1189 No data 0.149 0.1124 0.1058 0.0901 No data 0.1372 0.2156 0.2156 0.1529 1.410072
CG14722 ON TOP No data 0.1356 No data 0.1366 0.1415 0.1612 No data 0.1484 0.172 0.1828 No data 0.174 0.1848 0.1868 0.1809 0.1779 0.231 0.231 0.1868 1.236617
CG1486 ON TOP No data 0.0788 No data 0.1274 0.0155 No data No data 0 0.1322 0.0967 No data 0.143 0.1406 0.0561 0.1822 0.1406 0.0878 0.1822 0.143 1.274126
CG15628 ON TOP 0.1057 0.0701 0.0873 0.0678 0.0724 0.0781 0.0873 0.0988 0.0931 0.0953 0.0931 0.0689 0.0885 0.0264 0.1344 0.0908 No data 0.1344 0.1057 1.271523
CG1597 ON TOP No data 0.1438 No data 0.17 0.0681 No data No data 0.1095 0.1421 0.041 0.0845 0.1044 0.1556 0.0994 No data 0.0812 0.2153 0.2153 0.17 1.266471
CG1662 ON TOP No data 0.1564 0.1785 0.1479 0.1649 0.1292 0.1734 0.1037 0.1649 0.1819 0.1683 0.1683 0.1751 0.1785 No data 0.2482 No data 0.2482 0.1819 1.364486
CG17124 ON TOP No data 0.0476 0.0873 0.0714 0.0661 No data 0.0873 0.0846 0.0793 0.1058 No data 0.0661 0.0793 0.0846 0.1322 0.0978 No data 0.1322 0.1058 1.249527
CG17387 ON TOP No data 0.234 0.1711 0.2599 0.1958 0.2558 0.27 0.2632 0.2666 0.2771 0.2898 0.2808 0.2689 0.0434 No data No data 0.3565 0.3565 0.2898 1.230159
CG17841 ON TOP 0.0227 0.1252 0.1813 0.1495 0.1495 0.1382 0.1813 0.1617 0.1577 0.1804 0.1772 0.1617 0.1552 0.1585 0.1512 0.1788 0.2219 0.2219 0.1813 1.223938
CG1847 ON TOP No data No data 0.089 0.1624 0.1624 0.1761 0.2012 0.2169 0.1761 0.2232 No data 0.1792 0.1886 0.2096 0.067 0.2159 0.2714 0.2714 0.2232 1.21595
CG18769 ON TOP No data 0.0557 0.0929 0.1475 0.0987 0.108 0.0348 0.1173 0.3298 0.0743 No data No data 0.1161 0.108 0.2171 0.1289 0.2241 0.3298 0.2241 1.471664
CG2182 ON TOP No data 0.1226 No data 0.1168 0.0477 0.1308 No data 0.1514 0.1308 0.079 0.1349 0.1399 0.1292 0.0312 0.1514 0.1325 0.2065 0.2065 0.1514 1.363937
CG2453 ON TOP No data 0.1806 0.1857 0.1679 0.1984 No data 0.1832 0.1946 0.1972 0.1653 0.2124 0.2022 0.2239 0.2175 0.2035 0.2048 0.2786 0.2786 0.2239 1.244305
CG3008 ON TOP 0.0288 0.1482 0.191 0.1502 0.184 0.1691 0.1905 0.0751 0.18 0.192 0.1995 0.1975 0.1771 0.1925 0.0442 0.1999 0.2497 0.2497 0.1999 1.249125
CG30185 ON TOP No data 0.1086 0.1362 0.1454 0.127 0.2099 0.1362 0.1767 0.1675 0.1657 0.1528 0.1307 0.1491 0.1915 0.2136 0.1546 0.278 0.278 0.2136 1.301498
CG3106 ON TOP 0.0447 0.1174 No data No data 0.0992 0.1132 No data 0.06 No data No data 0.1502 0.1313 No data 0.1544 0.1502 0.1187 0.1956 0.1956 0.1544 1.266839
CG31100 ON TOP No data 0.1598 0.0498 0.1417 0.1112 0.1734 0.1726 No data 0.1757 No data No data 0.173 0.1841 0.226 0.0649 No data No data 0.226 0.1841 1.227594
CG31224 ON TOP No data No data 0.0129 0.0597 0.038 No data No data 0.1012 No data 0.1151 No data 0.0528 0.0961 0.0467 0.1783 0.09 No data 0.1783 0.1151 1.549088
CG32485 ON TOP No data 0.1392 0.1585 0.1644 0.1422 0.1481 0.1525 0.1688 0.1629 0.1762 0.1718 0.1733 No data 0.2088 0.2103 0.2044 0.2577 0.2577 0.2103 1.225392
CG32772 ON TOP 0.0361 0.0843 0.069 0.0907 0.1011 0.0867 0.0843 0.0835 0.0771 0.0722 No data 0.1044 0.0787 0.1011 0.1341 0.1092 0.1084 0.1341 0.1092 1.228022
CG34455 ON TOP No data 0.0724 0.078 0.0624 0.0746 0.0479 0.0802 0.0992 0.0925 0.0936 0.0836 0.088 0.0914 0.0947 0.1248 0.0925 No data 0.1248 0.0992 1.258065
CG3556 ON TOP 0.0328 0.1178 0.0439 0.1222 0.1222 No data 0.0589 0.0343 0.1379 No data No data 0.1439 0.1409 0.0469 0.1774 No data No data 0.1774 0.1439 1.232801
CG3603 ON TOP No data 0.1493 0.1586 No data 0.1039 0.2013 No data 0.2239 0.1999 0.2133 0.2066 0.2106 0.2066 0.0906 0.2053 0.2239 0.2906 0.2906 0.2239 1.297901
CG3967 ON TOP No data 0.1675 No data 0.1393 0.1798 0.164 0.1604 0.1798 0.1216 0.1816 0.1834 0.1851 0.1693 0.1798 No data 0.1728 0.2292 0.2292 0.1851 1.23825
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Taxon Mero sex Orta alb Micr mit Seps cyn Arch eca Mero fas Pero dik Seps neo Dicr dis Deca aen Them sup Nemo nit Mero alb Para sim Allo ind Salt sph Toxo sp Oryg luc MAX 2nd MAX %
CG42700 ON TOP No data 0.0588 0.1775 0.1372 0.1448 0.1732 0.1764 0.0871 0.1416 0.1797 No data 0.1448 0.1448 0.1568 0.1873 0.1023 0.2352 0.2352 0.1873 1.255739
CG43736 ON TOP No data 0.1408 No data No data 0.1431 0.1408 No data No data 0.1408 0.1995 No data 0.1408 0.1267 No data No data 0.1455 No data 0.1995 0.1455 1.371134
CG5282 ON TOP No data 0.1543 0.0065 0.1398 0.0724 No data 0.1884 0.0442 0.1485 No data No data 0.1804 No data 0.0652 0.2398 No data No data 0.2398 0.1884 1.272824
CG5844 ON TOP No data 0.176 0.203 0.1913 0.1525 0.1924 0.1948 0.1983 0.1948 0.1666 0.1361 0.1678 0.196 0.1842 0.0715 0.1936 0.25 0.25 0.203 1.231527
CG5850 ON TOP No data 0.1512 No data 0.1294 0.1169 0.142 0.1453 0.1236 0.1453 0.1729 No data 0.1587 0.1495 0.157 No data 0.1679 0.2113 0.2113 0.1729 1.222094
CG5966 ON TOP No data 0.173 0.025 0.2061 0.1198 No data 0.1767 0.1504 0.1798 0.1088 0.0611 0.1834 0.1724 0.2091 No data 0.203 0.2544 0.2544 0.2091 1.216643
CG6125 ON TOP No data No data 0.2182 No data 0.0778 No data 0.22 No data 0.1935 No data 0.1356 0.2206 No data 0.2306 0.2348 No data 0.2849 0.2849 0.2348 1.213373
CG6191 ON TOP No data 0.1009 0.1067 0.0833 0.1145 0.1035 0.0956 0.1035 0.0846 0.1256 0.1158 0.0944 0.1074 0.1022 0.1406 0.1419 0.1835 0.1835 0.1419 1.293164
CG6665 ON TOP No data 0.1318 No data 0.0921 0.0731 No data 0.0614 0.0252 0.1607 No data 0.1598 0.1851 0.1589 0.1625 0.0803 0.1933 0.2393 0.2393 0.1933 1.237972
CG6758 ON TOP No data 0.162 No data 0.1471 0.1564 0.1545 0.1191 0.1936 0.0595 0.1899 0.188 0.1713 0.1601 0.1899 No data 0.1899 0.2793 0.2793 0.1936 1.442665
CG6841 ON TOP No data 0.1108 No data No data 0.0504 No data No data No data No data 0.0228 0.0697 No data 0.1162 No data 0.1559 0.0339 No data 0.1559 0.1162 1.341652
CG6971 ON TOP No data 0.1633 0.1343 0.1712 0.1699 0.1594 0.1014 0.1897 0.1976 0.1646 0.1541 0.1778 0.1739 0.1857 No data No data 0.249 0.249 0.1976 1.260121
CG7196 ON TOP No data 0.037 0.0506 0.043 0.0453 0.0415 0.0521 0.0506 0.0506 0.0483 0.0589 0.0476 No data 0.0529 No data No data 0.0718 0.0718 0.0589 1.219015
CG7277 ON TOP No data 0.1468 0.2572 0.1971 0.2024 0.2473 0.2587 0.1453 0.2534 0.2511 0.2229 0.2359 0.2305 0.2382 0.1347 No data 0.3158 0.3158 0.2587 1.220719
CG7394 ON TOP No data 0.1916 0.1555 0.1194 0.1472 0.1305 0.1527 0.1666 0.1638 0.1805 0.1722 0.1638 0.1861 0.1888 0.1944 0.175 0.2611 0.2611 0.1944 1.343107
CG7556 ON TOP No data 0.1715 0.209 0.1648 0.1878 0.1351 0.146 0.1442 0.1981 0.1981 0.2151 0.1957 0.2175 0.2187 0.0806 0.2139 0.263 0.263 0.2187 1.202561
CG7720 ON TOP 0.089 0.1095 0.0693 0.1339 0.154 0.1082 0.188 0.1753 0.1788 0.1038 0.195 0.178 0.1797 0.198 0.1561 0.2085 0.2526 0.2526 0.2085 1.211511
CG7781 ON TOP 0.1169 0.1125 0.1368 0.1192 0.1192 0.1147 0.1346 0.1523 0.1324 0.1699 No data 0.1081 0.1368 0.1015 0.1214 No data 0.2737 0.2737 0.1699 1.610948
CG7806 ON TOP No data 0.0092 0.0153 0.0324 0.0831 No data 0.1935 No data No data 0.0245 0.046 0.2372 0.1597 0.0289 0.1226 0.1623 No data 0.2372 0.1935 1.22584
CG7834 ON TOP 0.1574 0.1312 0.1653 0.1167 0.1338 0.1089 0.1653 0.1797 0.1574 0.1771 0.1522 0.143 0.1404 0.1653 0.1167 0.1312 0.2296 0.2296 0.1797 1.277685
CG8646 ON TOP No data 0.1023 No data 0.1158 0.2162 0.1139 0.0943 0.1274 0.223 0.2218 0.2193 0.215 0.2218 0.2291 No data 0.242 0.3026 0.3026 0.242 1.250413
CG8675 ON TOP No data 0.1834 No data 0.1789 0.1856 No data 0.1633 0.161 0.1946 0.2013 No data 0.1991 0.1879 0.1633 No data 0.1968 0.2527 0.2527 0.2013 1.25534
CG8851 ON TOP No data 0.2092 0.1904 0.2543 0.233 0.2481 0.2431 0.2719 0.2631 0.2593 0.2556 0.2581 0.2318 0.1804 No data No data 0.3358 0.3358 0.2719 1.235013
CG8888 ON TOP No data 0.1128 0.099 0.0964 0.1326 0.0284 0.1171 0.0852 0.1291 0.1378 No data 0.13 0.1317 0.1059 No data 0.0508 0.1765 0.1765 0.1378 1.280842
CG9444 ON TOP No data No data 0.0345 0.0945 0.1718 0.1787 No data 0.187 0.2008 0.0262 0.0897 0.2097 0.1269 0.2229 0.2215 No data 0.2684 0.2684 0.2229 1.204127
CG9628 ON TOP 0.1329 0.1554 0.1963 0.1267 0.139 0.1083 0.1963 0.1942 0.1472 0.1758 0.1963 0.1308 0.1901 0.2004 0.1431 0.1738 0.2433 0.2433 0.2004 1.214072
Ciao1 ON TOP No data 0.1607 No data 0.1548 0.2021 0.1282 0.1646 0.2021 0.1883 0.213 No data 0.2169 0.2209 0.208 No data 0.2199 0.2751 0.2751 0.2209 1.24536
cib ON TOP 0.25 0.125 0.1692 0.1197 0.1536 No data 0.1692 0.1536 0.164 0.19 0.1848 0.1536 0.1406 0.1562 0.2057 0.1927 0.1718 0.25 0.2057 1.215362
cNIII‐like ON TOP No data 0.1632 0.2207 0.1655 0.2027 0.1914 0.2184 0.2195 0.2117 0.2263 0.1486 0.152 0.1914 0.2173 0.2477 0.2319 0.2984 0.2984 0.2477 1.204683
Cpr100A ON TOP No data 0.0899 0.1163 0.0743 0.1067 No data 0.1151 0.0395 0.1019 0.1091 0.1079 0.1067 0.1211 0.1127 No data No data 0.1474 0.1474 0.1211 1.217176
Cpr62Bb ON TOP No data 0.1128 0.0451 0.1041 0.1093 0.1076 0.1371 0.1215 0.1336 0.1388 No data 0.0815 0.1145 0.125 0.1788 No data 0.217 0.217 0.1788 1.213647
CstF‐64 ON TOP No data No data No data 0.0689 0.1257 0.056 0.0222 0.0833 0.1307 0.0761 No data 0.1494 0.1379 0.102 No data 0.1544 0.1867 0.1867 0.1544 1.209197
cv ON TOP No data 0.0826 0.0979 0.0852 0.0852 0.0928 0.0979 0.0954 0.0916 0.1157 0.1246 0.0903 0.1017 0.1055 0.0826 0.1234 0.1692 0.1692 0.1246 1.357945
cv‐d ON TOP 0.0199 No data No data 0.0499 0.0563 0.1139 0.1354 0.0777 No data No data 0.0318 0.0651 No data 0.1246 0.1987 0.1861 0.2519 0.2519 0.1987 1.26774
Dd ON TOP No data 0.0751 0.0696 0.0942 0.0901 0.1133 0.1065 0.1311 0.1147 0.1502 0.1366 0.1051 0.1079 0.1461 0.1816 0.1475 0.101 0.1816 0.1502 1.209055
Dmn ON TOP No data 0.1588 0.184 0.1727 0.1649 0.1927 0.1423 0.1805 0.1623 0.1788 0.1605 0.1796 No data 0.1883 No data 0.1762 0.2335 0.2335 0.1927 1.211728
Dnz1 ON TOP No data 0.1571 No data 0.1345 0.1726 0.1678 0.1523 0.1809 0.1678 0.1761 0.1226 0.163 0.1714 0.169 0.1976 0.1928 0.2404 0.2404 0.1976 1.216599
dpp ON TOP 0.0623 0.1017 0.0128 0.023 0.0982 No data 0.1282 No data 0.0965 0.0427 No data 0.0393 0.0393 No data No data No data No data 0.1282 0.1017 1.26057
dyn‐p25 ON TOP No data 0.1157 0.1122 0.0807 0.1807 0.1508 0.1508 0.135 0.1491 0.1771 0.1228 0.1859 0.1473 0.1719 No data 0.1596 0.2298 0.2298 0.1859 1.236148
Edem1 ON TOP No data 0.1265 0.0149 0.1152 0.1428 No data No data 0.2037 0.2111 0.0915 No data 0.1781 0.1731 0.1674 No data 0.2194 0.27 0.27 0.2194 1.230629
Egfr ON TOP No data 0.0041 0.0024 No data 0.0318 0.0986 0.0082 0.1448 0.1294 0.0298 0.0017 0.0313 0.1246 0.1831 No data 0.1282 0.094 0.1831 0.1448 1.264503
eIF2B‐delta ON TOP No data 0.112 0.1461 0.1608 0.1549 0.1286 No data 0.1578 0.1413 0.1452 0.1491 0.153 0.153 0.0458 0.1198 0.1393 0.2046 0.2046 0.1608 1.272388
eIF2B‐gamma ON TOP No data 0.0619 0.136 0.1756 0.1958 0.0352 0.208 0.2116 0.203 0.203 0.2123 0.2051 0.2023 0.1958 0.0223 0.221 0.2894 0.2894 0.221 1.309502
Erk7 ON TOP No data 0.2238 0.2152 0.2133 0.1485 0.1019 0.2209 0.218 0.2276 0.2561 0.2447 0.2152 0.1409 0.2142 No data No data 0.3076 0.3076 0.2561 1.201093
Fdh ON TOP No data 0.1688 0.1989 0.152 0.2015 0.1998 0.19 0.2042 0.2042 0.2183 0.1759 0.198 0.1954 0.2024 0.1989 0.2104 0.2723 0.2723 0.2183 1.247366
FK506‐bp2 ON TOP No data 0.0917 0.1498 0.0825 0.0764 0.0886 0.1498 0.1314 0.1192 0.1406 0.1437 0.1253 0.1192 0.1345 0.0581 0.1376 0.1896 0.1896 0.1498 1.265688
frc ON TOP No data 0.1568 0.0332 0.1619 0.1453 0.1838 0.0913 0.1059 0.1941 0.0436 0.0913 0.1858 0.2004 0.1941 0.2523 0.1869 0.1983 0.2523 0.2004 1.258982
fw ON TOP No data 0.0808 No data 0.0846 0.0533 No data 0.0173 No data 0.1613 0.0271 No data 0.1678 0.1734 0.1424 No data No data 0.2292 0.2292 0.1734 1.321799
Gasp ON TOP No data 0.0592 0.0733 0.0888 0.0759 No data 0.0785 0.0797 0.0849 0.0797 0.0952 No data 0.0785 0.0797 0.0733 No data 0.1312 0.1312 0.0952 1.378151
GLaz ON TOP No data No data 0.2121 0.1734 0.1632 No data 0.2171 0.2121 0.0808 0.2205 0.234 0.1801 0.1851 0.2121 No data No data 0.2828 0.2828 0.234 1.208547
glob1 ON TOP No data 0.1146 0.1932 0.1061 0.1316 0.1422 0.1953 0.1783 0.1719 0.191 0.1655 0.1507 0.1464 0.1698 0.1953 0.1677 0.2908 0.2908 0.1953 1.488991
GluClalpha ON TOP 0.0505 0.0959 0.0782 0.0782 No data 0.0795 0.0808 0.0555 0.0871 0.0858 No data 0.0972 0.0946 0.0896 0.1489 0.101 0.0997 0.1489 0.101 1.474257
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Taxon Mero sex Orta alb Micr mit Seps cyn Arch eca Mero fas Pero dik Seps neo Dicr dis Deca aen Them sup Nemo nit Mero alb Para sim Allo ind Salt sph Toxo sp Oryg luc MAX 2nd MAX %
Gug ON TOP 0.0824 0.0388 No data 0.0223 0.0294 No data 0.0753 No data 0.06 0.0553 0.0153 No data No data No data 0.0306 0.1236 No data 0.1236 0.0824 1.5
GXIVsPLA2 ON TOP No data 0.146 0.1349 0.146 0.1611 0.179 0.1432 0.1597 No data No data 0.0661 0.1584 0.1239 0.1528 0.2341 0.1625 0.0991 0.2341 0.179 1.307821
Hml ON TOP No data 0.0103 0.0191 No data 0.0389 0.063 0.0117 0.0161 0.116 0.0416 0.0368 0.0201 0.1648 0.0894 0.1466 No data 0.274 0.274 0.1648 1.662621
htt ON TOP No data 0.0793 No data 0.128 0.017 No data 0.1059 0.1365 0.0145 No data No data 0.1275 0.147 0.0371 0.2404 0.1224 No data 0.2404 0.147 1.635374
Hydr1 ON TOP No data 0.149 0.1378 0.1265 0.169 0.1834 0.1578 0.157 0.1738 0.1914 0.1899 0.181 0.1826 0.2067 0.1057 0.2067 0.2724 0.2724 0.2067 1.317852
inaE ON TOP No data 0.0909 No data No data 0.0292 0.1055 0.0632 0.0402 0.0658 No data No data 0 0.0987 0.1206 0.1745 0.1206 No data 0.1745 0.1206 1.446932
kar ON TOP No data 0.0552 0.0981 0.1635 0.1643 No data 0.1199 0.0685 0.1433 0.1876 0.1985 0.1666 0.1604 0.0732 0.1838 0.1728 0.2733 0.2733 0.1985 1.376826
lid ON TOP 0.0138 0.1164 No data No data No data No data No data No data 0.0277 No data No data 0.1553 0.1287 No data No data 0.1007 No data 0.1553 0.1287 1.206682
Lnk ON TOP 0.0909 No data No data 0.1101 0.0413 0.022 0.0881 No data No data 0.0523 No data No data 0.1267 No data 0.1818 0.0964 No data 0.1818 0.1267 1.434886
lolal ON TOP No data 0.0859 0.1067 0.0703 0.0729 0.0911 0.1145 0.1041 0.0963 0.0989 0.1093 0.0807 0.0781 0.0885 0.1041 0.1171 0.1822 0.1822 0.1171 1.555935
LSm7 ON TOP No data 0.1367 0.1965 0.1452 0.1937 0.1595 0.1965 0.1709 0.1794 0.1937 0.2108 0.1794 0.1737 0.1937 No data 0.2108 0.2564 0.2564 0.2108 1.216319
mag ON TOP No data No data No data 0.2245 0.2139 No data No data No data No data No data 0.1918 0.2201 No data 0.1671 0.1547 0.2378 0.2926 0.2926 0.2378 1.230446
MBD‐like ON TOP No data 0.195 0.2083 0.1931 0.2159 0.1723 0.1818 0.2329 0.1723 0.1136 0.2215 0.1553 0.1799 0.2272 0.2992 0.2291 No data 0.2992 0.2329 1.284672
MESR3 ON TOP 0.0293 0.1412 0.1333 0.148 0.0983 0.1175 0.1299 0.1435 0.1344 0.131 0.1401 0.0994 0.122 0.0757 0.1875 0.1367 0.1502 0.1875 0.1502 1.248336
mfrn ON TOP No data 0.1232 0.1562 0.1155 0.1353 0.1353 0.1562 0.1364 0.1276 0.1331 0.1144 0.1573 0.1331 0.143 0.1265 0.1529 0.1991 0.1991 0.1573 1.265734
mgr ON TOP No data 0.1228 0.1649 0.1263 0.1298 0.1245 0.1649 0.1385 0.1368 0.1649 0.1526 0.1245 0.1438 0.1754 0.1736 0.1649 0.214 0.214 0.1754 1.220068
miple ON TOP 0.072 0.1099 0.1027 0.099 0.1099 0.1153 0.1027 0.1045 0.1045 0.1333 0.1171 0.1081 0.1657 0.0504 0.2072 No data No data 0.2072 0.1657 1.250453
mmd ON TOP 0.0071 0.0294 No data 0.0401 No data No data No data No data No data No data No data No data 0.0548 No data No data No data No data 0.0548 0.0401 1.366584
Mmp2 ON TOP No data 0.1732 0.0072 0.2256 0.1222 No data 0.1834 0.1921 0.1688 0.2168 No data 0.1018 0.1906 0.2008 0.342 No data 0.2794 0.342 0.2794 1.224052
mRpL2 ON TOP No data 0.2113 0.1612 0.1982 0.1993 0.171 0.1023 0.171 0.2091 0.2091 0.2189 0.2211 0.2145 0.2363 0.1873 0.244 0.293 0.293 0.244 1.20082
mRpL4 ON TOP No data 0.1441 0.1364 0.1529 0.1485 0.1298 0.0693 0.1925 0.1804 0.1892 0.0374 0.1551 0.1903 0.2002 0.1078 0.0781 0.2629 0.2629 0.2002 1.313187
mRpL50 ON TOP No data 0.1497 0.2405 0.2194 0.1898 0.2362 0.2468 0.1729 0.2299 0.2405 0.2341 0.1962 0.2573 0.2257 0.2616 0.1286 0.3396 0.3396 0.2616 1.298165
mRpS18A ON TOP No data 0.1752 0.0747 0.188 0.188 0.2029 0.1153 No data 0.2222 0.2307 0.1858 0.2008 0.1837 0.2136 No data 0.2222 0.2948 0.2948 0.2307 1.27785
mRpS18C ON TOP No data 0.1488 0.1715 0.1715 0.2071 No data 0.1877 0.0938 0.1585 0.1779 0.2265 0.1941 0.2071 0.2071 No data 0.22 0.275 0.275 0.2265 1.214128
mRpS21 ON TOP No data 0.1401 0.1439 0.1553 0.1287 0.1136 0.159 0.1401 0.1401 0.1553 0.1022 0.1628 0.1628 0.1553 0.1325 0.1439 0.2196 0.2196 0.1628 1.348894
mRpS24 ON TOP No data 0.1439 0.14 0.1262 0.138 0.1341 0.14 0.1656 0.1439 0.1775 0.1755 0.1439 0.1518 0.1459 0.1873 0.1854 0.2268 0.2268 0.1873 1.210892
mRpS30 ON TOP No data 0.1608 0.2048 0.1759 0.1851 0.1481 0.0758 0.1996 0.1313 0.1764 0.1805 0.1961 0.1984 0.1921 No data 0.2164 0.2609 0.2609 0.2164 1.205638
mspo ON TOP 0.0144 0.0723 0.0054 0.0777 0 No data No data 0.0048 0.0771 0.065 No data 0.0783 0.0705 0.003 No data No data 0.1217 0.1217 0.0783 1.554278
na ON TOP No data 0.1209 No data 0.0988 0.0213 No data No data 0.0555 0.0574 No data No data 0.099 0.0849 No data No data No data No data 0.1209 0.099 1.221212
nAChRbeta3 ON TOP No data 0.0962 0.199 0.1537 0.1707 No data 0.199 0.165 0.1715 0.1917 0.1909 No data 0.1804 0.1593 0.1593 No data 0.2516 0.2516 0.199 1.264322
Nop56 ON TOP No data 0.0874 0.0542 0.1053 0.097 0.0957 0.0868 0.1143 0.0944 0.074 0.1162 0.1232 0.1149 0.1206 No data 0.1117 0.1494 0.1494 0.1232 1.212662
Ns4 ON TOP No data 0.1619 No data 0.151 0.1619 0.1647 0.1878 0.1922 0.1812 0.1867 0.1669 0.1845 0.185 0.1954 No data 0.1856 0.2657 0.2657 0.1954 1.359775
Nup62 ON TOP No data 0.1209 0.1674 0.1069 0.1658 0.1395 No data 0.0883 0.1565 0.0945 0.1503 0.1596 0.1488 0.1674 No data 0.1674 0.2201 0.2201 0.1674 1.314815
OstDelta ON TOP No data 0.1387 0.148 0.1216 0.1516 0.1299 0.1573 0.1118 0.148 0.1718 0.1666 0.1532 0.1671 0.1651 0.0429 0.1713 0.2324 0.2324 0.1718 1.352736
pain ON TOP No data 0.1452 No data 0.1307 0.1021 0.2301 0.1435 0.0576 0.218 0.0629 0.2569 0.2403 0.223 0.2537 No data 0.124 0.3184 0.3184 0.2569 1.239393
papi ON TOP No data 0.168 0.1571 0.1625 0.1495 0.1823 0.1987 0.2144 0.1823 0.2083 0.0956 0.2083 0.1878 0.2131 0.2028 0.0717 0.2609 0.2609 0.2144 1.216884
pcs ON TOP No data 0.1725 0.0427 0.1848 0.1821 0.1837 0.1949 0.1111 0.1976 0.1597 0.1655 0.1949 0.2072 0.2051 No data 0.2088 0.2612 0.2612 0.2088 1.250958
pgant3 ON TOP No data No data 0.0333 0.1527 0.0443 No data 0.1313 0.0536 No data No data No data 0.0837 0.1335 0.0919 No data 0.186 0.2408 0.2408 0.186 1.294624
Pink1 ON TOP 0.1293 0.1633 0.2181 0.1602 0.1986 0.0909 0.2189 0.1589 0.1955 0.1854 0.132 0.1876 0.1968 0.2145 0.203 0.2203 0.2662 0.2662 0.2203 1.208352
PKD ON TOP No data 0.1025 0.0191 0.0586 0.0368 No data 0.0323 0.0349 0.1781 No data 0.083 0.118 0.1683 0.0883 0.2592 0.0582 0.0605 0.2592 0.1781 1.455362
PRL‐1 ON TOP 0.1464 0.0712 0.0944 0.0597 0.0732 0.0732 0.0963 0.0847 0.0558 0.0809 0.0655 0.0886 0.0847 0.0924 0.1021 0.1001 0.1078 0.1464 0.1078 1.358071
qsm ON TOP No data 0.1344 0.154 0.1499 0.1483 No data 0.1515 0.0888 0.1157 0.1385 0.1475 0.154 0.1483 0.1458 0.079 No data 0.1955 0.1955 0.154 1.269481
RabX1 ON TOP No data 0.135 0.0582 0.1288 0.1486 0.1387 0.1499 0.1573 0.1276 0.1747 0.1648 0.1697 0.1499 0.171 0.223 0.1809 0.1734 0.223 0.1809 1.232725
Rassf ON TOP No data No data No data 0.1629 0.1079 No data 0.0315 0.0506 0.0249 No data No data 0.127 0.1519 0.0778 0.2066 0.1685 No data 0.2066 0.1685 1.226113
RhoGAP1A ON TOP 0.0562 0.1743 0.0498 0.1301 0.0753 0.1705 0.1747 0.1807 0.1616 0.1267 0.2032 0.1616 0.163 0.1799 0.1882 0.2062 0.2849 0.2849 0.2062 1.381668
rols ON TOP 0.009 0.0527 No data 0.029 0.0554 No data No data No data No data No data 0.0442 0.0433 0.1748 0.2545 No data No data 0.0412 0.2545 0.1748 1.45595
RpL35A ON TOP 0.1636 0.0658 0.0938 0.0958 0.0977 0.0938 0.0938 0.0818 0.0998 0.0958 0.1017 0.1277 0.1077 0.0858 0.1257 0.1177 0.1237 0.1636 0.1277 1.281128
RpS20 ON TOP 0.1074 0.044 0.0743 0.0633 0.0413 0.0385 0.0716 0.0716 0.0606 0.0495 0.0633 0.0743 0.0523 0.0798 No data 0.0578 0.0826 0.1074 0.0826 1.300242
rtet ON TOP No data 0.1628 0.0741 0.1666 0.133 0.1123 0.1009 0.1467 0.1697 0.12 0.1819 0.175 0.1796 0.1666 0.0191 0.2025 0.2454 0.2454 0.2025 1.211852
san ON TOP No data 0.1097 0.1739 0.1118 0.091 0.1242 0.1739 0.1677 0.1138 0.1511 0.1594 0.1262 0.149 0.149 No data 0.1552 0.2194 0.2194 0.1739 1.261645
Sdc ON TOP 0.2051 0.0961 0.0929 0.0865 No data 0.0705 0.0865 0.0833 0.0576 0.0961 0.0769 0.0641 0.0769 0.0865 0.1057 0.1185 0.1025 0.2051 0.1185 1.730802
Supplementary Table 4 (continue)
Appendix 3 - 36
Taxon Mero sex Orta alb Micr mit Seps cyn Arch eca Mero fas Pero dik Seps neo Dicr dis Deca aen Them sup Nemo nit Mero alb Para sim Allo ind Salt sph Toxo sp Oryg luc MAX 2nd MAX %
sick ON TOP 0.0751 0.1353 0.0352 0.146 0.0547 0.0649 0.0746 0.038 0.1548 0.0111 No data 0.1576 0.1571 0.0593 0.0982 0.0672 0.2109 0.2109 0.1576 1.338198
Spn27A ON TOP No data 0.1085 0.1506 0.1675 0.1287 0.1127 0.1447 0.1683 0.1447 0.1649 0.1675 0.1414 0.1548 0.1607 0.1153 0.1632 0.234 0.234 0.1683 1.390374
Syx7 ON TOP No data 0.154 0.1747 0.131 0.1471 0.1712 0.1724 0.1609 0.154 0.1735 0.1816 0.1689 0.185 0.2195 0.0965 0.2149 0.2689 0.2689 0.2195 1.225057
Tor ON TOP No data 0.0255 No data 0.0489 0.0655 0.051 No data 0.048 No data 0.0289 0.0272 0.0532 0.1617 No data 0.2051 0.1196 No data 0.2051 0.1617 1.268398
tral ON TOP 0.1061 0.112 No data 0.0589 No data 0.1681 0.1327 0.1327 No data 0.1356 0.0943 0.1238 0.1297 0.115 No data 0.1327 0.1356 0.1681 0.1356 1.239676
trsn ON TOP No data No data 0.0814 0.1538 0.1975 0.1945 0.1297 0.1357 0.187 0.0663 0.2337 0.2096 0.199 0.2232 No data 0.2126 0.2865 0.2865 0.2337 1.225931
Tsp96F ON TOP No data 0.0892 No data 0.0879 0.0929 0.135 0.1078 0.1177 0.0941 0.109 0.1164 0.0929 0.114 0.1226 0.1301 0.0904 0.2019 0.2019 0.135 1.495556
U2A ON TOP No data 0.1443 0.1431 0.1282 0.1271 0.1408 0.1626 0.1649 0.1466 0.1729 0.1786 0.1523 0.1741 0.1557 0.1649 0.1741 0.2497 0.2497 0.1786 1.398096
Ude ON TOP No data 0.169 0.1882 0.1354 0.2014 No data 0.1414 0.0671 0.1714 0.205 0.1906 0.1894 0.2086 0.2158 0.2158 0.0887 0.2613 0.2613 0.2158 1.210843
uzip ON TOP No data 0.1336 0.143 No data 0.1839 0.1705 0.1878 0.0966 0.1745 No data 0.2075 0.1902 0.191 0.224 No data No data 0.3026 0.3026 0.224 1.350893
Vha44 ON TOP 0.1268 0.0608 0.1045 0.0796 0.0942 0.1156 0.1036 0.1362 0.0874 0.0968 0.0908 0.1011 0.0762 0.1131 0.1319 0.1173 0.1662 0.1662 0.1362 1.220264
wol ON TOP No data 0.1707 0.2184 0.2002 0.1819 0.19 0.2123 0.1808 0.2215 0.2022 0.2286 0.2083 0.2052 0.2276 0.1981 0.2276 0.2896 0.2896 0.2286 1.266842
Xbp1 ON TOP 0.0747 0.0275 0.0448 0.0436 0.0298 0.0413 0.0425 0.0574 0.0505 0.0264 0.0517 0.0333 0.0494 0.054 0.0494 0.0482 0.0471 0.0747 0.0574 1.301394
yrt ON TOP No data 0.0719 No data 0.0922 0.0613 0.1004 0.0299 0.0468 No data 0.1439 0.1362 0.1236 0.128 0.0898 0.0434 0.1362 0.212 0.212 0.1439 1.473245
No. of Character Deleted 6 1 2 1 2 1 0 2 1 3 30 2 119 170
No of Chracter Before Delete 1017 237 947 766 964 972 849 929 908 946 872 828 983 972 962 764 919 767
No of Character After Delete 1017 231 946 766 964 972 847 928 908 944 871 828 981 971 959 734 917 648
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 Appendix 4 
 
Supplementary tables and figures for Chapter 5 
 
Supplementary Fig. 1 MP bootstrap tree (indel = ?) 



























Sepsis luteipes (North America)
Sepsis punctum
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Sepsis luteipes (North America)
Sepsis niveipennis (African)
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Sepsis thoracica (Europe) 
Sepsis sepsi
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